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ADVANCE SUB-STANDARD SIGNAL GENERATOR 


Covering 
all 
Television 
Ranges 


Model A: 100 Kc's—70 Mc. s in six bands. 
Model B: 30 Kce./s—30 Mc.'s in six bands. 





Negligible Stray radiation. 


Output accuracy -!- | db. 
Monitored by crystal voltmeter. 


Directly calibrated 


SEND FOR ILLUSTRATED BROCHURE. 





CALIBRATION ACCURACY : % 
Directly Calibrated 


R.F. OUTPUT: Monitored by crystal 
voltmeter continuously variable from | j.V 
to 100 mV. Accuracy 1Db 


system embodying a matched 75 ohms 
transmission line. 





STRAY FIELD: Negligible. 


ATTENUATION: Constant Impedance | 
| 


ADVANCE COMPONENTS LTD., BACK RD., SHERNALL ST., MODULATION : 400 c's monitored by 
crystal voltmeter up to 60”, 


{ 

\ WALTHAMSTOW, LONDON, €E.!7. Phone: Larkswood 4366-7-8 | 

uN Provision for External Modulation. 
fe ne a ee nee — 
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one in a thousand 


Fifteen years ago we introduced the first British-made low-loss ceramic. To-day the range of 


Frequentite components covers more than a thousand pieces of every shape and size. 
With such a store of manufacturing experience we are able to offer advice 
backed by practical knowledge on your insulation problem. Please consult us 


before you finalize your design. 


STEATITE & PORCELAIN PRODUCTS LIMITED 


Head Office: Stourport-on-Severn, Worcs. Telephone: Stourport 111 Telegrams: Steatain, Stourport 
S.P.24 
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Electronic Engineering 


CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements is twelve words oF less 5/- and 4d. for every additional word. Box number 2/- extra, except 


in the case of advertisements in ‘‘Situations Wanted’’ when it is added free of charge. 
advertisement. Replies to box numbers should be addressed to: 
London, W.C.2 and marked ‘‘Electronic Engineering.” 


in the following issue. 


A 





must P the 


Morgan Bros. (Publishers) Ltd., 28, Essex Street, Strand, 
Advertisements must be received before the 10th of the month for insertion 





OFFICIAL APPOINTMENTS 


Vacancies advertised are restricted to persons or employ- 
ments excepted from the provisions of the Control of 
Engagement Order, 1947. 


APPLICATIONS are invited for temporary appoint- 
ments in Ministry of Supply Research Establishments, 
chiefly at Farnborough (Hants) ; Leicester; Malvern ; 
Sevenoaks (Kent); Woolwich; Waltham Abbey and 
Shoeburyness (Essex). Vacancies are in Scientific 
Officer and Experimental Officer Grades in the fields 
of Radar and Electronics, particularly centimetre 
wave techniques, and applications to general research 
needs and computing devices, aircraft and weapon 
testing, aircraft navigation and landing, automatic 
control systems, small servo and other mechanisms, 
fire control. 

Candidates for Scientific Officer grades should have an 
Honours degree in Physics or Mathematics or equivalent 
with appropriate experience. For Experimental 
Officer grades a Higher School Certificate or equivalent 


| with laboratory or workshops experience is the 


minimum qualification. 

Applicants must be of British Nationality. Salaries, 
varying according to the different grades, age, quali- 
fications and experience, are within the following 
provincial ranges :—{200-{1,155 (men) and {£200- 
{997 (women). 

Application forms and salary details are obtain- 
able on request (by postcard, quoting reference number 
A.161/48) from Technical and Scientific Register (K), 
York House, Kingsway, London, W.C.2. 


THE QUEEN ELIZABETH HOSPITAL 
BIRMINGHAM. The Hospital requires immediately 
the services of a skilled and experienced Laboratory 
Technician to take charge of the Physics workshop, 
which designs and prepares apparatus for the Radio- 
therapy Department and other general physics appara- 
tus for other Hospital purposes. 

The workshop equipment consists of lathes and milling 
machines, including micro-precision lathe and drilling 
machine. The technician must be a skilled operator 
of this equipment. Experience in a University or a 
Hospital Physics workshop is desirable but not essential. 
The commencing salary is within the range of £375 to 
£450 per annum, according to experience. 
Applications, which should be sent in at once to the 
undersigned, should be accompanied by two recent 
testimonials and the names of two independent referees. 
G. Hurford, House Governor, Queen Elizabeth Hos- 
pital, Birmingham, 15. 





SITUATIONS VACANT 


MURPHY RADIO LTD. have vacancies in the 
Electrical Design Department for: (1) Senior Radio 
> ew with Hons. degrees or equivalent in Physics 
or Electrical Engineering and several years’ industrial 
experience of radio receiver or television design work. 
(2) Radio Engineers with good academic qualifications 
in Physics or Electrical Engineering, preferably with 
some industrial experience. Applications, giving par- 
ticulars of training and experience, should be forwarded 
to the Personnel Manager, Murphy Radio Ltd., 
Welwyn Garden City, Herts. 


ELECTRONIC CIRCUIT ENGINEERS required 
for research and development work; good academic 
qualifications and apprenticeship, industrial or research 
experience essential. Knowledge of any of the follow- 
ing subjects desirable: radar and television pulse 
techniques, centrimetric components, time-base 
generators, A.C. and D.C. amplifiers, feed-back 
amplifiers, servos, especially low power electro- 
mechanical stabilised power supply units, data 
transmission systems, cable form layouts. Some 
mathematical ability is desirable. Write, with full 
details of qualifications, experience, age and salary 
Tequired, to Personnel Manager, Sperry Gyroscope 
Company Ltd., Great West Road, Brentford, 
Middlesex. 


ELECTRONICS ENGINEER, H.N.C. or Degree 
Standard, age 30/40, five years experience required by 
Research Section of large engineering firm in the 
Midlands for the construction of the vibration indicating 
and recording gear, strain gauge recording apparatus 
and the maintenance of laboratory equipment. 5-day 
week. Reply stating age, experience and salary 
wore to Box No. 440, 8 Serle Street, London, 
C.2. 


A 


THE ENGLISH ELECTRIC VALVE COMPANY 
invites applications for a Valve Engineer for the 
research laboratory. This is a senior appointment 
calling for an essentially practical man with wide 
experience in the design and manufacture of electronic 
tubes. A Science Degree together with a knowledge of 
photo-electric processes would be advantageous. The 
applicant should be a good organiser and capable of 
controlling staff. Remuneration will be according to 
age, qualifications and experience. Apply giving full 
details of age, qualifications and salary required to, 
Chief of Research, English Electric Valve Co., Ltd., 
Waterhouse Lane, Chelmsford. 


TECHNICAL REPRESENTATIVE required by 
large radio component manufacturer in the east London 
area. Suitable applicant must have technical know- 
ledge and practical experience in the industry and 
should have thorough knowledge of the radio industry. 
State age, qualifications, experience and salary to 
Box 284, E.E. 


AUDIO FREQUENCY DEVELOPMENT 
ENGINEER required. Applicant must have sound 
fundamental theoretical knowledge and_ practical 
experience. Salary according to qualifications. Apply 
in first instance to Box 283, E.E. 

INSTRUMENT MAKERS with moving coil experi- 
ence, N.W. London. Box 285, E.E. 

RADIO ENGINEER, preferably aged 25-30, with an 
Honours degree or equivalent qualifications and with 
experience in circuitry and advanced development 
work, is required for research in the field of tele- 
communications. Apply by letter only to the Director, 
Research Laboratories of the General Electrical Co., 
Ltd., North Wembley, Middlesex, stating age, academic 
record and experience. 


PHYSICIST WITH UNIVERSITY DEGREE 
required to undertake research in connexion with 
development of radio frequency equipment for medical 
purposes. Salary dependent on qualifications and 
experience. Box 286, E.E. 


JIG AND TOOL DESIGNER required in connexion 
with interesting range of production embodying X-ray 
and electronic apparatus. Good opportunity for man 
requiring prospects of long term steady employ, to 
ally himself with a well-established organisation in 
-_ Herts. Apply, giving full particulars, to Box 287, 


DRAUGHTSMAN (Senior) in connexion with light 
current electronic measuring equipment. Excellent 
opportunity for man placing score on good steady 
employ, with long term prospects for a competent man. 
Apply, giving full particulars to Box 288, E.E. 


X-RAY ELECTRONICS. The following are re- 
quired in St. Albans area for development and pilot 
production of X-ray equipment: (1) Senior Tester 
with knowledge of general electrical and electronic 
control systems and preferably some experience of 
X-ray equipment. (2) Assistant Tester with general 
electrical and electronic testing. Apply giving full 
particulars, to Box 289, E.E 


CONSULTING X-RAY PHYSICIST. Services of 
X-ray Physicist required in St. Albans area on a 
part-time consultative basis to aid in development and 
pilot production of new X-ray equipment. Apply, 
giving full particulars, to Box 290, E.E. 


A LARGE VALVE MANUFACTURING 
CONCERN in S.W. London require Junior Assistants 
in their Cathode Ray Tube and Transmitting Valve 
Departments. Candidates must be graduates in 
Physics or Electrical Engineering, but no previous 
experience necessary. Salary £350 plus, according to 
age and qualifications. Reply to Box E.E. 585, 
L.P.E., 110, St. Martin’s Lane, W.C.2, and quote 
reference C/369. 


VACANCIES EXIST for Junior Engineers or 
Physicists for development and research work in 
connexion with electrical measurements and test 
methods. Candidates should have qualifications up to 
Higher National or Degree Standard and must have 
aptitude for electronics. Applications are invited by 
the Personnel Manager, Standard Telecommunication 
Laboratories Ltd., Progress Way, Enfield, Middlesex. 
A VACANCY EXISTS for a Glass Blower or improver 
in new Research Laboratory. Should have experience 
on lathe work and glass-metal seals. Applications 
stating experience are invited by the Personnel 
Manager, Standard Telecommunication Laboratories 
Ltd., Progress Way, Enfield Middlesex. 


A LIGHT ELECTRICAL ENGINEERING FIRM 
in the Midlands has several vacancies on their research 
staff as follows :—(a) Senior Research Engineer to take 
charge of a new and interesting valve research project. 
He should have some knowledge of electron optics as 
applied to cathode ray tubes and similar articles, 
photo-electric emission, with knowledge of industrial 
valve techniques. (b) Research Engineer for valve 
work in the above section. (c) Research Engineer to 
work on electro-magnetic systems with a detailed 
knowledge of magnetic properties of materials. (d) Re- 
search Engineer to work on light A.C. circuitry and 
circuit analysis (not electronic). (e) Research Engineer 
having a strong mathematical bias for advanced 
objective research into certain physical properties of 
metals and semi-conductors. Good technical ability is 
expected for all these posts, together with some ten 
years research experience for (a) and at least two, and 
preferably four or five years for the remainder. Salary 
in accordance with qualifications and experience and 
ability to lead in experimental work. Box M.3516, 
Haddons, Salisbury Square, Fleet Street, E.C.4. 


BELLING AND LEE LTD., Canibridge Arterial 
Road, Enfield, require a radio engineer with a flair for 
component design and development. Previous 
experience not essential but applicants should possess 
wide knowledge of component uses in radio and elec- 
tronics and possess sound background in radio physics. 
Applications (by letter only) stating age, experience 
and salary required will be treated in strict confidence. 


ELECTRONIC ENGINEER required in N.W. 
London district to undertake development of elec- 
tronic equipment. Applicants should possess a 
degree and have had experience in this class 
of work. Knowledge of optics will be an advantage. 
Applications should state age, full particulars of 
experience and salary required. Write Box 487, c/o 
7, Coptic Street, W.C.1. 


MANAGER with energy required for Scientific 
Instrument Department of progressive exporters. 
Combination technical, including electronics, and 
commercial knowledge essential. Good prospects for 
right man. Reply Box 295, E.E. 


RADAR ENGINEERING COMPANY in London 
area require immediately Chief Méchanical Designer. 
Applicant must have sound basic knowledge of 
mechanical engineering and considerable experience 
in the application of mechanical design in the elec- 
tronic field. Particular regard will be paid to ability 
in small mechanical design and experience of marine 
radar will be an asset. The successful applicant will 
be required to take charge of new department special- 
ising in the design of ships radar equipment and the 
post offers good possibilities of future progress. Com- 
mencing salary will be between £750-850 per annum, 
dependent on experience. Write in first instance 
fullest details of past experience and qualifications. 
Box 294, E.E 


SENIOR GLASSBLOWER required for laboratory 
engaged on development of special types of cathode 
ray tubes and other electronic devices. Thorough 
knowledge of lathe and bench work, glass-metal seals, 
etc., with all types of glass essential. Housing accom- 
modation can be arranged in near future. Apply with 
details of experience, salary required, etc., to Pye Ltd., 
Meadowcroft Laboratories, Church Street, Cambridge. 


DEVELOPMENT ENGINEER 26/35 years with 
technical qualifications for position in works laboratory. 
Experience of manual and servo operated remote 
control apparatus and in the design and testing of 
small A.C. motors essential. Some knowledge of 
electrical measurements and electronics. Must be able 
to carry out experimental work with minimum instruc- 
tion and supervision. Write giving full details of 
training, experience and salary required to Muirhead 
and Co., Ltd., Elmers End, Beckenham, Kent. 


COMPETENT SENIOR SERVICE ENGINEER 
required for miniature valve amplifiers and similar 
equipment. Must be able to diagnose faults and take 
charge of small Service Department. London area, 
5-day week. Reply by writing, giving full address, 
Box 296, E.E. 





INDEX TO ADVERTISERS 
SEE PAGE 28 
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ASSISTANT DEVELOPMENT ENGINEER 21/25 
years, H.N.C. standard for works laboratory. Ex- 
perience of remote control apparatus, manual and 
servo operated, and in the design and testing of small 
A.C. motors is desirable. Some knowledge of electrical 
measurements and electronics is necessary. Write 
stating age, training, experience and salary required to 
Muirhead and Co., Ltd., Elmers End, Beckenham, Kent. 


REQUIRED BY FIRM IN S. WALES area, 
Electrical Engineer, capable of initiating design of 
electrical and electronic test gear, to take charge of 
inspection of domestic and other electrical products. 
Reply, giving details of previous appointments in 
chronological order to Box 299, E.E. 
WELL-KNOWN FIRM OF PRECISION 
ENGINEERS and Scientific Instruments Makers 
requires Research Physicists and Engineers for the 
Electronics Division at their ig ng A established 
Research Laboratories situated on the Northern out- 
skirts of London. Vacancies exist for: (1) A Senior 
Research Engineer, age 30-40 to take charge of an 
Electronics Division. Salary £1,000/£1,500 per annum, 
according to qualifications and experience. (2) Re- 
search Engineers to take charge of small research 
groups. Age 25/35. Salary £700-{1,000 according to 
age and experience. (3) Junior Research Engineers. 
Age 21-28. Salary £325-£700 according to age and 
experience. Candidates for posts (1) and (2) are 
expected to have an Honours in Physics or 
Engineering, and to have had experience of research in 
advanced circuit techniques. Candidates for posts 
under (3) are expected to have an Honours degree or 
experience in electronic research. All posts will be 
permanent and a ———— scheme, to which the 
firm contributes, be available to those successful 
. candidates who wish to join. Applications must be 
made in writing by the 15th July, 1948. Before 
acceptance, candidates will be expected to attend an 
interview in the vicinity of London. Apply Box 291, 
E.E. 


DISTRICT MANAGER FOR SCOTLAND with 
Glasgow Headquarters required by major Cinema 
Projection and Sound Equipment Company. Duties 
include responsibility for sales, service and engineering 
activities. Applications solicited from Engi s with 
ood sales and administrative experience in Electronic 
ndustry. Successful applicant will be provided a 
period of specialised training at London Headquarters 
and in Provincial area. Applicants should provide 
detailed information covering the following: age, 
education, qualifications, engineering, sales and 
administrative experience, whether car owner, coim- 
mencing salary required. Box 298, E.E. 
THE RSITY OF LIVERPOOL. Gilass- 
blower required in the Department of Physics. Experi- 
ence in hard and soft and glass-metal seals 
essential. Salaryin accordance with age and experience. 
Applications, which should include particulars as to 
e, qualifications and experience, together with copies 
of testimonials, should be received not later than 
August 2st, 1948, by the undersigned. Stanley 
Dumbell, Registrar. 


ELECTRIC AND MUSICAL INDUSTRIES LTD., 
have vacancies for the following drawing office per- 
sonnel, on electronic, telecommunication and electro- 
mechanical eering : (a) Senior Electro-mechanical 
Designer-Draughtsmen. , Senior Mechanical 
Designer-Draughtsmen. (c) Senior Electrical Designer- 
Draughtsmen. (d) Detail Draughtsmen. Apply, 
stating age, fullest details of experience and salary 
required to Personnel Department, E.M.I. Ltd., Blyth 
Road, Hayes, Middlesex. 


SENIOR MECHANICAL DRAUGHTSMAN. The 
South Western Division of a leading company in the 
electronic equipment field yo a Draughtsman, 

e 25/40, for work in their —— Drawing 
Office. Applicants should have had experience in 
laying out and detaili electronic equipment, be 
capable of preparing quickly and accurately sketch 
drawings at development stage and of making (with 
minimum of supervision) full manufacturing drawings 
for production runs. Salary according to qualifications 
and experience. Full details to Box 301, E.E. 


There is a World eo of competent electronic en- 
gineers. RADIO CORPORATION OF AMERICA 
would welcome enquiries from qualified —- who 
are about to reside in the United States. jos a se 
electronic engineers are needed for desi develop- 
ment work in radio, radar, ied 
electronic fields. Positions for both electrical and 
mec engineers are avilable in Philadelphia area 
_ elsewhere. Write os age, — of education 

experience to Chief Engineer, Radio Corporation 
of America, RCA Victor Division, Camden, N.J., U.S.A. 





Electronic Engineering 


ELECTRONIC ENGINEERING. There are still 
several vacancies for interesting and progressive work in 
the design laboratories of E.M.I. Engineering Develop- 
ment Ltd., at Hayes, Middlesex. Vacancies are 
primarily for men with Honours Degrees and some 
practical design experience: age 25 to 30. Starting 
salaries £400 to £550. There are particular vacancies 
for men interested in audio-frequency engineering, 
television and communication receivers, electron optics, 
and tropicalised radio components. Send full details of 
experience and qualifications to Personnel Depart- 
ment, E.M.I. Engineering Development Ltd., Hayes, 
Middlesex. 


PHYSICIST REQUIRED for a new research 
laboratory in Essex dealing with plastics, powder 
metallurgy, — and electronics. Possibllity of a 
smal] flat being available in Essex near the laboratory. 
Age 25-30. Applicants should give full details of 
experience and salary required etc. to Box 302, E.E. 


CHEMIST REQUIRED for a research laboratory in 
Essex dealing in plastics and powder metallurgy. 
Possibility of a flat in the country being available. 
Age 25-35. Applicants should give full details of 
experience and salary required etc. to Box 303, E.E. 


VACANCIES for all grades of electronic and mechani- 
cal engineers. Must have good technical training and 
be willing to specialise in one field. Salaries up to 
£1,000 per annum according to ability. Box 304, E.E. 


TECHNICAL DESIGNER required by radio and 
television manufacturer. Higher National Certificate 
or Graduate in Physics or Electrical Engineering ; 
able to organise own research and design department. 
State age, qualifications, experience and salary re- 
quired. Box 305, E.E 





SITUATIONS WANTED 


SIGNALS OFFICER, 24, Stud. I.E.E., C. & G., etc., 
5 years radio research, 2 years radar development, 
available August. Requires position offering scope for 
initiative, drive and ambition. Box 293, E.E 


MATHEMATICAL PHYSICIST, Honours graduate, 
both Mathematics and Physics Specials, A.Inst. P., 
seeks change of post. 
experience in microwaves. 
field. Box 292, E.E. 


A YOUNG MAN, age 20, seeks vacancy as Junior 
Radio Engineer. Holds Intermediate Certificate 
Radio Communication, C. & G. Excellent recom- 
mendation from School Principal. Please reply Box 
300, E.E, 


Would consider different 





EDUCATIONAL 


THE POLYTECHNIC 
309, Regent Street, W.1. 
ELECTRICAL ENGINEERING DEPARTMENT 
Head of Dept.: W. H. Date, B.Sc. (Eng.), M.I.E.E. 


Full-time Day Courses are provided in Electrical 
and Telecommunication Engineering. The courses, 
which extend over a period of three to four years, 
prepare for the Higher National eg and pro- 
fessional examinations and for the B.Sc. (Eng.), Lond. 
Session 1948-9 begins on September 14, 1948. 
toners Baar apoeen in these subjects and in Radio 
Service Work commence on Monday, 2oth September. 
The courses prepare for the Ordinary and Higher 
National Certificates and for the City & Guilds of 
London Institute examinations. New students will be 
enrolled on 15th and 16th September, 6-8 p.m. 

Prospectuses may be obtained on application to the 
undersigned... J. C. Jones, Director of Education. 


COMPLETE CORRESPONDENCE COURSE, 
covering Amateur and C. and G.I. Examinations, 
consisting of 12 lessons. Students trained for Cer- 
tificates of the City and Guilds of London Institute. 
Send for particulars. Orthic-Modern Institute, 72, 
St. Stephen’s House, Westminster, S.W.1. 





SERVICE 
LOUDSPEAKER repairs, British, American, any 
make, moderate _ prices.—Sinclair Speakers, 12, 
Pembroke Street, London, N.x1. 


FACTORY HAS TECHNICAL Staff and capacity 
available for manufacturing scientific or other articles 
in glass. Box 163, E.E. 


Original publications, research - 


July, 1948 


GLASS. For special lamp blown glassware and high 
vacuum work, send your enquiries to Neon Exceli 
Co., 11 Sheepcote Street, Birmingham, 15. 


REWINDS. Send your burnt-out mains tran 
formers, fields, chokes and solenoids for rewind 
Loudspeaker % oe Southern Trade Services, Ltd, 
297/299, High Street, Croydon. Telephone: 4870. 


COIL SPECIALISTS. Tuning and oscillator coik 
LF., L.F. and mains transformers rewound an 
wound to specification. Wavewinding, L.S. repain 
Armature and field rewinding. Rynford Industrig 
Ltd., 17, Arwenack Street, Falmouth, Cornwall. 


~— 





MISCELLANEOUS 


WE WILL BUY at your price used radios, amplifier, 
converters, test meters, motors, pick-ups, speaken, 
etc., radio and electrical accessories. Write, phone « 
call, University Radio Ltd., 22, Lisle Street, Londo, 
W.C.2. GERard 4447. 


PHOTOGRAPHY. We specialise in advertising ani} 
catalogue-photography, and in series photographs fo 
instruction sheets. Our pictures tell the story. Beh 
Photography, 44, Temple Fortune Lane, N.W.u/ 
(SPEedwell 4298). 

CHARTER for Technical Staffs in the Engineering ani 
Metallurgical Industries. The proposals in the Charter 
have aroused great interest in the profession. They ar 
being widely discussed. Any Engineer or Metallurgist 
may have a copy free on request. Write to th) 
Publishers, The Association of Scientific Worker) 
15, Half Moon Street, London, W.1. 


COILWINDING. Layer, wave and progressive 
wave winding to specification. Prototypes or quantity 
production of units and assemblies. Design and 
development. Rynford Industries Ltd., 17, Arwenack 
Street, Falmouth, Cornwall. 





PATENTS 


THE PROPRIETORS of British Patent No. 568,58 
relating to “‘ Improvement in Optical Comparatory’” 
desire to grant licenses under the patent on reasonabk 
terms for the purpose of ensuring the full commercial 
development and practical working of the invention 
Enquiries should be addressed to Box 297, E.E. 


THE PROPRIETORS of British Patent No. 564,19; 
relating to Electronic translating devices, are desirow 
of entering into arrangements by way of licence o 
otherwise on reasonable terms for the purpose oi 
exploiting the same and ensuring its full development 
and practical working in this country. Interested 
parties who desire a copy of the Patent Specification) 
and further particulars should apply to S. E. Matthews 

of 14-18, Holborn, London, E.C.1. P 


THE PROPRIETORS of British Patent No. 561,43 
relating to Electric relay systems for automatic contrd 
of variable conditions, are desirous of entering inti 
arrangements by way of licence or otherwise 
reasonable terms for the purpose of exploiting th 
same and ensuring its full development and practical 
working in this country. Interested parties who desir 
a copy of the Patent Specification and further parti: 
culars should apply to S. E. Matthews, of 14-18 
Holborn, London, E.C.1. 


THE PROPRIETORS of British Patent No. 564,10/ 
relating to Electronic translating devices, are desirow 
of entering into arrangements by way of licence o 
otherwise on reasonable terms for the purpose of er 
ploiting the same and ensuring its full developmen! 
and practical working in this country. Interested 
parties who desire a copy of the Patent Specificatio: 
and further particulars should apply to S. E. Matthews 
of 14-18, Holborn London, E.C.1. 








FOR SALE 


WEBB 'S 1948 Radio Map of World, new multi-colow 
printing with up-to-date call signs and fresh inform: 
tion ; on heavy art paper, 4s. 6d., post 6d. On lined 
on rollers, 11s. 6d. post 9d. 


COPPER WIRES, enamelled, tinned, litz, cotto 
silk covered. All gauges. B.A. screws, nuts, washe 
soldering tags, eyelets. Ebonite and laminate 
Bakelite panels, tubes coil formers. Tufnol roé 
Flexes, permanent detectors, earphones, etc. is 
S.A.E. Trade supplied. Post Radio Supplies, 3 


Bourne Gardens, London, E.4. 
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Even hand-warmth will so expand the 
metal of accurate gauges as to render them 
useless. Gauge handles made of Tufnol solve 
this important problem. They insulate the 
metal from the hands and, incidentally, are 


se at colal more pleasant to hold. 


t ‘a On line | This is only one way in which Tufnol has 
solved a tricky problem. Engineers in every in- 
dustry are finding new and increasing uses for the 


Tufnol Engineers will gladly help you. 


sd, litz, cottos 
$, nuts, washer 


and laminate : . N 
———“ ee remarkable physical properties of TUFNOL. 
mes, etc. Lis 
o Supplies, 3) 


AMENTS TUFNOL LTD - PERRY BAR: BIRMINGHAM 22B ; U j N O L 
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CLASSIFIED ANNOUNCEMENTS (Cont’d.) BACK NUMBERS. January 1939 to May 1948, 
Complete less 8. 105 copies. Binders, etc. Offers to 
Gwynn, 17 Oakroyd Close, Potters Bar, Middlesex, 





0 to 350 mA Moving Coil R.F. Meters, 3s. 9d. ; 

generators, ball bearing for 12, 24 and 200 volts D.C. ENAMELLED, STANDARD, SYNTHETIC ani 
4s. 6d.; Neon tubes, 1s; American I.F. chokes, covered copper wires in all gauges, ex stock. Stat: 
American transformers, 2s.; valves from = gauges and quantities required to Box 282, E.E. 









Ideal for High 


= 
roe 38 6h.3 
ing:1/30,100/880 A.C end D.C. 1s. 6d.; 230/115 transformers, 21s. Thousands of 


electronic parts in stock. Stamp for list. Jack Porter TELEVISION AERIALS. Baldwin  Instrumen 
Send for interestin leaflet L24 on Ltd, “ Radio,” 22/31, College Street, Worcester. Co., Ltd., have for disposal a limited number of sets off 
Electrical and Radio Testing, from all Dealers or direct. IN STOCK. Rectifiers, Accumulator Chargers,  duralumin tubes b ut ’to correct leng th suitable Pa 
4 A. Amplifi rs, Mikes, Mains television aerials. Price, carriage paid, dipole only 
RUNBA KE N M ANCH E STER:/ se Be smag sone Poe Pies om , Test Meters, etc 15s., dipole and reflector 25s. Cash with order or C.O.D 
Special Transformers quoted for.—University Radio, Baldwin Instrument Co., Ltd., Brooklands Works, 
Ltd., 22, Lisle Street, London, W.C.2. GERrard 4447. | Dartford, Kent. 


LONDON COUNTY COUNCIL i 
POTENTIOMETERS 2-GANG, 1 Meg.-1 Meg., THE ENOCK PICK-UP is now available in limiteip 

NORWOOD TECHNICAL medium spindle, 3s. 34; 30K-30K., } in. spindle, quantities. Moving coil (licenced under Patent No 
3s. 9d; Wirewound, 300 ohms, 6 Watts, c/w knob, —_ 538 958) with precision made polished diamond stylus 

iL E 38. 6d. ; 1200 ohms, 20 Watts, ceramic, 3s. 6d.; 25K., Weight at needle point, § oz. No resonances withit 

3 Watts, 3s. 6d. a pair ; Carbon, 20K., rooK., medium, the recorded range. Price, £36 15s. inc. tax. Ful 





J 





Knights Hill, Weet Norwood, $.£.27 spindles, 1s. gd. each; 250K., screwdriver control, i High S 

(Phone : GIPsy Hill 2268/9) oa per doz. Atl post free. Hopton Radio, 1, Hopton emer ory gy ce EALing Bios. igh St 
TRAINING FOR A CAREER Parade, Streatham High Road, S.W.16. 

IN 12 VALVE WESTERN ELECTRIC R1585, midget THE MORDAUNT DUPLEX REPRODUCER, « 
: ~258 Mc./s. Size 11 in. by 6 in. by 5 in used in the Enock instrument, is now availabk 
TELECOMMUNICATIONS AND ang ‘te aK 5. 7 by goor. EBC33 and 12A6. S€parately. Folded horn bass unit and new high note 
ELECTRONICS 4 gang hr’ tuner “Fc. LFs. B.F.O. Det. AVC and reflector of original design, giving exceptionally smooth 
AFULL-TIME DAY COURSE in Telecommunica- output. Easily converted to 6 or 12 v. Car Radio. No ie sae Micaraddin Nae ak” cteoeenl 
tions Engineering will einS b extra coils or other components required except 4 realism hitherto unattainable. Price (ex works), 





ti : wer unit and speaker. All smoothing in the receiver. i c ‘s) 
Se ne eee eee ee 3 omens control box is included with the set, but no 98 gns. (in white wood, skeleton form £88). Please 


FUNDAMENTAL RADIO THEORY ; A send for particulars or better still, let us demonstrate, 
cting cables are available. These Ex-Govt. . t 
TELEVISION PRINCIPLES ealeals Be in cartons and in brand new condition. Joseph Enock Ltd., 273a, High St., Brentford, Middle. 


PROPAGATION AND AERIAL THEORY Price £4 10s. each, carriage and packing 7s. 6d. extra. “ox, BALing Ste3. 

¥ v. Mallo: ibrapacks for above sets 15s. each. . * 
MATHEMATICS ae S imans 34 in. speakers, {1 each, COMPONENTS AND VALVES at attractive prices 
FREQUENCY MODULATION Send for list. Trade supplied. Watts, 38 Chapel 


ULTRA HIGH FREQUENCY TECHNIQUES H. English, The Maltings, Rayleigh Road, Hutton, Avenue, ‘Addlestone, Surrey. 

















ELEMENTARY TRANSMISSION AND LINES rir pen MAGNETIC Recordi 
E A ANSM GENUINE sopactoan 4 EVISION CONSTRUCTORS ! W: ly: 
ENGINEERING PRACTICE Wire, sufficient for 1 hour, mounted on standard spools — and scanning coils for high and Pre sapedentl 
The Course will be of two years’ duration in maker’s sealed tins. {£3 each. Harris, Strouds, for 9 in. 12 in. and 15 in. tubes. Rubber masks, 
and will prepare students for the Final Pangbourne, Berks. Mazda CRMor1, G.E.C. 6501, Mazda CRMr2z tubes, 
Certificate of the City and Guilds of London MARCONI STANDARD SIGNAL GENERATOR _ S.T.C. rectifiers, H.V. capacitors, copper wires. Al 
Institute in Telecommunications Engineer- type TF144G, 85 Kc./s to 25 Mc./s, perfect condition ranges of resistors and capacitors, etc. ‘‘ Electronic 
ing. Application Forms for admission and complete with mains lead and output lead. {75 for | Engineering’’ Home Built Televisor 2s. gd. inc. 
further particulars obtainable from the quick sale. Coilier, 86 Copse Lane, Headington, postage. E. A. Porritt, 13/27, Wastdale Road, Forest 
Principal. (1412) Oxford. Hill, S.E. 23. FORest Hill 1292. 
By Order Ministry 
c. @ pr. of the e @ Rs otsuppiy 
By Order of the Ministry of Supply Without Reserve 
WOMBLETON, NEAR HELMSLEY, YORKS. FOURTH nrnwereys SALE 
(19 miles from Malton, 26 miles from York, 28 miles from sstoaate 
Scarborough) Ministry of Supply Depot, RUDDINGTON 
Five miles South of Nottingham, on the Nottingham- 
CRANSWICK & CRANSWICK C Loughborough road) of approximately 
are instructed to offer for 950 COMMERCIAL AND OTHER VEHICLES 
‘SALE BY AUCTION by Austin, Bedford, Crossley, Fordson, Chevrolet, G.M.C., Dodge, 
With R Thornycroft, Guy, etc. 
eacnsSeseuiin 1,000 TRAILERS (Two and Four-wheeled), 
on 
WEDNESDAY, THURSDAY and FRIDAY 500 TANK AND N.F.S. gas ENGINES 
JULY 14th, 15th and 16th, 1948 1,000 Lots o 
ie Chis chanics aac MISCELLANEOUS ELECTRICAL, RADIO, MECH- 
ANICAL AND GENERAL PURPOSE STORES 
THE ENTIRE R.A.F. including : esayg Mh stor~ vb danag be Raperetesy, Rasen. Loser 
Units, Rectifiers, Transformers, Condensers, Volt and Amp. Meters, 
PLANT, EQUIPMENT AND STORES Fans and Blowers, Signal Lamps, Cordage, Oil Pumps, Tyres, Tubes 
we oe piardan. my” Sogn. a Platforms, Bomb and Wheels complete, etc. 
inches, Engineers’ an eneral Tools, Radio and Photographic : 
Stores, Barrack Equipment, Sundry Aircraft Spares, “on To be SOLD BY AUCTION by 
Roller Conveyors, etc., etc. MESSRS. TURNER, FLETCHER & ESSEX 
bin tin Clin maenie “< at the Depot, Ruddington, on 
” ate eee MONDAY, TUESDAY, WEDNESDAY and THURSDAY 
WOMBLETON 
View Days : Monday and Tuesday, July 12th and |3th, 1948, between JULY 19th, 20th, 2ist, 22nd, and 
the hours of 9.30 a.m. and 12 noon, and 2 p.m. and 4 p.m., MONDAY, TUESDAY, WEDNESDAY and THURSDAY, 
epee Days between the hours 9.30 a.m. and JULY 26th, 27th, 28th and 29th, 1948, 
ADMISSION BY CATALOGUE ONLY, price 6d. each at II a.m. prompt each day. 
(P.O.’s only), which will admit two persons on View Days and . : 
one person on Sale Days, obtainable together with further View Days : Monday, July 12th to Friday, July I6th, between 9 a.m. 
particulars from the Auctioneers :— and 4 p.m. and on Sale Days between 9 a.m. and 10.30 
a.m. 
Messrs. Cranswick & Cranswick. F.A.I., CATALOGUES (price 6d., P.O.s only) from the Auctioneers, 
94, Quay Road, BRIDLINGTON, Pelham-street, Nottingham (Telephone 41528 and 41529), which 
E. Yorks. admit two persons to view and one on Sale days. 
Tel. Nos.: Bridlington 2110 (Office); Kirby Moorside 321 (Sale Office) Mark envelope ‘* Ruddington ” 
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The EHA 5000 is a forced air cooled triode valve for 
use as an R.F. Amplifier or Oscillator. 

The design minimises lead inductance and makes the 
valve particularly suitable for H.F. applications. 
This valve is the direct equivalent of the American 

type 889R. 











RATING 
Filament Voltage II volts. 
Filament Current P awe ... 125 amperes 
Maximum Anode Voltage... ... 18.5 KV. 
Maximum Anode Dissipation 5 KW. 
Amplification Factor... am Sai Ta 
Mutual Conductance ... *10 MA/V. 
Impedance ... ... 2,000 ohms 
Maximum Operating Frequency ... $25 Me/s. 
Power Output . BKW. 


* Taken at Va=5 KV. owt pom 


+ May be operated at higher frequencies provided the 
maximum values of anode voltage and power input 


are reduced. 

INTER-ELECTRODE CAPACITANCES 
Anode-Grid —..« ines ve 20.7uuF. 
Anode-Filament cas aa so eet. 
Grid-Filament , ; 19.5uuF, 


AIR FLOW 500 cu. ft./min. 
Further details on request 


A catalogue giving details of other Ediswan Industrial 
and Special Purpose Valves will be supplied on request. 


THE EDISON SWAN ELECTRIC CO. LTD., 155 Charing Cross Road, London, W.C.2. 


5 RASA a NING 21S BASE DEIR PRAAE PS I ASAHI 
(RM 65) 
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INDICATING 
HiGH VACUUM 


The unique features of the Edwards 
Pirani Type High Vacuum Gauges 
are now available in indicating and 
recording models for one to ten 











gauge heads. (- 
Mii € 
nih ini The latest series 5 compensated and Re 
THR Y interchangeable gauge heads with 
LT) filament reconditioning facilities 
ip My, TH Ys te Ub permit indefinite operation under 
H TH laboratory or industrial conditions 


or HT 
din Dee, he 


without loss of calibration accuracy 
in the range 10.0—0.0001mm. Hg. 






(a) A ten-point recording installation with a 10” edgwise indicating meter. 
(0) A siz-point indicating instrument for panel mounting (also available 
bench mounted). De 


. . For Better Vacuum Service... 


W. EDWARDS #.<o'ranr.cqnrern 12 | 


The illustrations show : 


Telephone : SYDenham 7026 (5 lines) Telegrams : EDCOHIVAC, Phone, London 





{ 


Extreme 
Sensitivity of 


ae 
V 
20,000 ohms. per volt A.C. & D.C. 
Model 75A Universal Taylormeter 


@ 50 ranges up to 1,000 volts and 5 @ Instantaneous automatic meter 


amps A.C, and D.C. overload protection. 


@ Robust Meter with four-inch Scale @ Self-contained resistance measure- 


and Knife edge pointer. ments from 1 ohm to 10 megohms. 


@ Built-in buzzer for continuity tests. @ Steel case and panel. 


price £14 .14.0 
IMMEDIATE 
DELIVERY 


TAYLOR PRODUCTS INCLUDE; MULTIRANGE A.C, 0.C. TEST METERS @ SIGNAL 
GENERATORS @ VALVE TESTERS @ A.C. BRIDGES @ CIRCUIT ANALYSERS 
@ CATHODE RAY OSCILLOGRAPHS @ HIGH AND LOW RANGE OHMMETERS @ 
QUTPUT METERS @ INSULATION TESTERS @ MOVING COIL INSTRUMENTS 


TAYLOR ELECTRICAL INSTRUMENTS LTD ~ Bivenapdlicenatbtncnalltigliionnd 4 


419-424 MONTROSE AVENUE, SLOUGH, BUCKS, ENGLAND Grams & Cables “ TAYLINS'' SLOUGH 


OR AO TTTIETT I 
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D Switch to 
u i. XX BSA 
a VALVEHOLDERS 
und 
ten 
Used by all leading set manufacturers 
inc 
ith Designed to B.V.A. Standard Dimensions for the new all-glass 
B8A valves. The valve is easy to insert or withdraw but is held 
ae firm in the socket by a special retaining latch exclusive to Clix 
oe Clix valveholders are pro- B8A valveholders. 
ug cecned by British and Foreign 
é. sta Plated saddle, screen, and sockets for minimum contact resistance. 
Moulded body, standard fixing centre I}”, hole diameter }”. 
i Delivery from stock THE GENERAL ACCESSORIES CO. LTD. 
D. r BRUTON STREET, LONDON, Wes 
26 
don | 
ciaiaial 





Which Material 
eg tor which 
‘ application ? , 








4 
A“ 





E Wethave Leen making researches into, and manufacturing 
| magnet materials from the earliest days of cobalt steels. 





Our latest practice in an increasingly wide range of mat- 
erials is set out in the Darwins Magnet Book—available 
on request to all interested in permanent magnets. 


DARWINS LIMITED - TINSLEY - SHEFFIELD 


THE DARWINS GROUP + CGRAFTSMEN IN FINE STEELS 


M13 
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VALVE CHARACTERISTIC aii 





A comprehensive instrument built into one compact and convenient case, which 
will test any standard receiving or small power transmitting valve on any of its 
normal characteristics under conditions corresponding to any desired set of D.C. 
electrode voltages. A patented method enables A.C. voltages of suitable magnitude 
to, be used throughout the Tester, thus eliminating the costly regulation problems 
associated with D.C. testing methods. ! 


A specially developed polarised relay protects the instrument against misuse or 
incorrect adjustment. This relay also affords a high measure of protection to the 
valve under test. Successive settings of the Main Selector Switch enable the following 
to be determined :— 


Complete Valve Characteristics including 
Ia/Vg; Ia/Va, Is/Vg, Is/Va, Amplification 


“Gas” test for indicating presence and 
magnitude of grid current, inter-electrode 


Factor, Anode A.C. Resistance, 4 ranges of 
Mutual Conductance covering mA/V figures 
up to 25 mA/V at bias values up to —50V., 
together with “Good/Bad” comparison test 
on coloured scale against rated figures. 


insulation hot and cold directly indicated in 
megohms, separate cathode-to-heater insula- 
tion with valve hot. Tests Rectifying and 
Signal Diode Valves under reservoir load 
conditions and covers all the heater voltages 
up to 126 volts. 





The AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO., LTD. 
WINDER HOUSE, DOUGLAS STREET, LONDON, S8.W.1. "Phone: VICtoria 3404-9 
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Over to you! Designed for rapid 
inter-com and widely used in aircraft. The 

Type 40/1542 is a simple two-way switch, spring biased so 
that it automatically returns to one position, normally used for 
speech. To listen the user rotates and holds in Position 2. 
This switch will find wide uses in civil aircraft and for 
inter-ofiice communication on subsidiary stations. 


WALTER INSTRUMENTS LIMITED, GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421 - 2 - 3 






ONE OF OVER 2000 ASSEMBLIES 





C.R.C.08 
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IMPORTANT NEWS FOR ELECTRICAL WORKS AND POWER ENGINEERS 


QUICKER DELIVERIES OF 
EUI/OYT ELECTRICAL RECORDERS 


Thy 








ARRANGEMENTS HAVE BEEN 
COMPLETED FOR THE INCREASED 
PRODUCTION OF ELLIOTT 
ELECTRICAL RECORDERS, WHICH 
ARE NOW AVAILABLE FOR EARLY 
DELIVERY. THESE WELL-KNOWN 
INSTRUMENTS, STILL FURTHER 
IMPROVED AND NOW ON FULL 
PEACE-TIME SERVICE, PROVIDE 
THE ANSWER TO ALL INDUSTRIAL 
PROBLEMS OF POWER AND 
CURRENT RECORDING. 


Sa rm 
oh 2 Ue 


i il " j 
{ 
i 


ak iL im | vs 
(ae | a! 


aateaet! & #% i oe 


ELLIOTT INSTRUMENTATION—THE EYES OF INDUSTRY ! 


Elliott Electrical Recorders cover every application of electrical power 
metering, providing a reliable and continuous record in chart form of 
day-to-day variations in current, pressure, load and frequency. Their wide 
charts, with rectilinear co-ordinates, give a clear and accurate reading, 
enabling trends in electrical demand to be readily observed and studied. 


ELLIOTT BROTHERS (LONDON) LTD., CENTURY WORKS, LEWISHAM, LONDON, S.E.15 
E/48007 
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1948 PRODUCTION 


utzehill LABORATORIES LTD 


a 


TEN 


INSTRUMENTS WHICH WILL FORM A LARGE 


PROPORTION OF FURZEHILL LABORATORIES LTD, 


4+ et & M&M H HH HH H OM 


PRODUCTION PROGRAMME FOR 1948 


STABILISED POWER SUPPLY UNITS, 
Type 1930 and 1931. Having a series of stabilised 
+ve and —ve D.C. outputs up to 250 mA., 350 volts. 

Price £75 and £100. 


HIGH DISSIPATION RESISTANCE BOX, 
Type 1752. Accuracy + 5%. 60 watts ~~ hea 4 
rice . 


SENSITIVE VALVE VOLTMETER, Type 378. 
10 c/s-250 ke/s. | millivole to 100 volts. 2 megohms 
input impedance. Logarithmic scale. Accuracy 
+ 5%' of reading. Price £75. 


OSCILLOSCOPE CAMERA, Type 1684J. 
Details on request. Price £45, 


LABORATORY FREQUENCY STANDARD, 
Type 1744. Output | Mc/s., 100 ke/s., 10 kc/s., 
| ke/s. Internal modulation 400 c/s at option. 
Accuracy + 0.00! %. Listening post usable up to 
50 Mc/s. Price £50. 


A.F. ATTENUATOR, Type 1358. 0-110 dB. 
in | dB. steps. 600 ohms input impedance and 
termination. Accuracy -- % of nominal voltage 
ratio. Price £18, 


OSCILLOSCOPE, Type 1684D. X and Y 
amplifiers flat from D.C.—3 Mc/s. Symmetrical or 
asymmetrical input. Instantaneous shifts. Time 
base 0.2 c/s-150 kc/s. 34 in. tube. Price £150, 


OSCILLOSCOPE, Type 1936. X and Y ampli- 
fiers. | c/s-20 kc/s. D.C. shifts. 2} in. tube. 
Time base 5 c/s-10 kc/s. Expansion to 5 screen 
diameter. Price £50, 


DIODE VOLTMETER, Type 281B. 50 ¢/s. 
250 Mc/s° Accuracy -+ 2% of f.s.d. Input imped- 
ance 4 megohms and 1/4 p.f. Price £50. 


PORTABLE FREQUENCY STANDARD, Type 
4100. Outputs | Mc/s., 100 kc/s., 10 kc/s. Internal 
modulation 400 c/s. Usable up to 50 Mc/s. Accuracy 
+ 0.005%. Battery operated Price £25. 


| 


TELEPHONE: 


W000 0D, 
ELS. URES 1 
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| RADIO FREQUENCY 
CABLES 


BRITISH INSULATED CALLENDER'S CABLES LIMITED 
NORFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 
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DELIVERY NOW 





Shown is the Type 1022 case, of highest quality sheet steel, available in 
four sizes and finished in a variety of colours. Special features include 
pressed feet, front panels fixed by screws in hank-bushes, louvres at sides | 
and in detachable back panel. 


Type 1022A 214” L. = 103” H. x 104” D., £2 19s. Od. 
Type 1022B 214” L. x 15” H. x 104” D., £3 9s. Od. 
Type 1022C 214” L. x 22” H. x 103” D., €4 5s. Od. 
Typel022D 214” L. x 30” H. x 10)” D., £5 15s. Od. 


Chassis and fixing brackets 15/- extra. ‘Can be supplied with standard rack 
panels and hinged lid if required. 


\ IMHOF'S 7 


112-116, NEW OXFORD STREET, LONDON, W.C.1 
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THE SIMPLEST WAY 
to obtain E.H.T. 
is to connect a 





to the 350-0-350 volts winding of the normal mains transformer 
and obtain a 5.5kV DC output without using an E.H.T. trans- 
former and valve rectifier 


Write for data sheet No. 52 to Dept. E 


WESTINGHOUSE BRAKE & SIGNAL CO., LTD. 
82, York Way, King’s Cross, London, N.1 
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PRODUCTS | 

Seon SOEs nae 

Slicbieel Control Sens 

Chchom dicen 

(Maninfactatogr ie, Cadets 
« 


TELEPHONE BRADFORD 24902 


R.R. DEVELOPMENT LABORATORIES LTD. 








BARNARD RD . BRADFORD . YORKSHIRE | 


| 
OS rE 








CED PHOTOELECTRIC EQUIPMENT 


] THE REFLECTOMETER 
| 


sve THE EGE. PRG. 
Se Reflectometer is a 
scientific instrument for 
the quick and accurate 
means of comparing 
surfaces of Paint, Paper, 
Cloth, Powder, Foliage, 
etc. Variations in samples 
due to colour differences 
etc. will vary the amount 
of light reflected, thus 
itty ~~ altering the scale readings. 

Besides providing a sound instrument for 

the serious research worker, this apparatus 

is ideal for routine tests by the uninitiated. 

PRICE 27 GUINEAS incorporating 5 colour filters 


and Galvanometer with built-in control resist- 
ance (excluding 6 volt accumulator). 





Write for full particulars of this, and other EEL photo- 
electric equipment, incorporating the famous EEL selenium 
cell. 


if | A product of 
EVANS ELECTROSELENIUM LTD., 
HARLOW — - ESSEX 
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, 
a TELEPHO 
; 
A Silica 
Vol. 
valve as sma// = 
as this gives you EG 
; Pow 
550 watts output 
at a maximum ._™ 
ATs 
frequency of 75 uc‘ 
E H.F. 
f 
N 
j ! en , _ acti 
Designers of industrial electronic equipment will find a wide field of application tions | 
for the versatile TYS2-250. In addition to having the highest power-to-size 
ratio of any radiation-cooled valve in the world, the TYS2-250 is outstanding iy tn 
for its efficient performance at high frequencies, stable and high emission, 1s ma 
uniform characteristics, and long working life. These features make it ideally Schoo! 
suitable as a self-excited oscillator in low power R.F. heating equipments. It train | 
also offers considerable potentialities as an R.F. power amplifier in industrial and fit 
or transmitting apparatus, and may in addition be used as a driver for higher Establ 
powered valves. This 
Mullard engineers will be glad to advise on the wide applications of silica Estab! 
valves, the range of which includes the following types :— nical | 
VALVE TYPE *MAXIMUM OPERATING + OUTPUT 
FREQUENCY POWER be wa 
TYS2-250 Ss I bel 
a ae eer ee the pr 
ai re 30 |, 10,000 W. ficatio 
es NS a ) TX 10-4000 » 9,700 W. faciliti 
Geen fener igi vais * The frequency figures shown are for reduced input; acill 1 
(as class C amplifier the power output figures for full input. techni 
at 10 Mc/s) 760 W. overlo 
Max. Anode Dissipation 250 W. so for 


Anode Voltage 


anon eis <= 2,800-V. | | staff m 
node Voltage ‘ 
(75 Mc/s)... ... 2,000 V. to the 
Filament Voltage oon” A We during 
soeamanes Current 12.0 A. approx. this ian 





THERMIONIC VALVES "The 
& ELECTRON TUBES appre 


trainiz 
engine 


eae 
Mullardj| cor rarRvd ELECTRONIC PRODUCTS LIMITED as pra 
YA 





(Formerly The Mullard Wireless Service Co. Ltd.) 
ows 2 on HOUSE, . hk Se SD U's TS AV EN UE, w.c.2 
MVT@7 
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Hectronic - Engineering 


EDITORIAL, ADVERTISING AND PUBLISHING OFFICES, 28, ESSEX STREET, STRAND, W.C.2. 


TELEPHONE: CENTRAL 6565 (10 LINES) 


Monthly (published last Friday of preceding month) 2/- net. 


MANAGING EDITOR: G. PARR, M.I.E.E. 
Subscription Rate : Post Paid 12 months 26/-. 


TELEGRAMS : LECTRONING, ESTRAND, LONDON 





Vol. 20. No. 245 


T.R.E. 


An Ultrasonic Memory Unit for the EDSAC . 


By M. V. Wilkes, M.A., and W. Renwick, B.Sc. 


Power Diodes—Part | 
B 


y E. G. Rowe, M.Sc., M.ILE.E., R. E. B. Wyke, A.MiLE.E. 
and W. Macrae, M.Sc., A.M.1.E.E. 


The Luminescence of Simple Oxide Phosphors 
: By R. B. Head, M.Sc., (Eng.) 
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N the official account of the 

activities of the Telecommunica- 
tions Research Establishment which 
appears on the next page, mention 
is made of the opening of a new 
School of Electronics, intended to 
train students of school-leaving age 
and fit them for appointments in the 
Establishment and in the industry.* 

This new venture of a Government 
Establishment into the field of tech- 
nical education is one which should 
be watched with interest by both 
students and teachers. Certainly, at 
the present time there is ample justi- 
fication for providing additional 
facilities for technical training. The 
technical schools and colleges are 
overloaded and are likely to remain 
so for many years. The T.R.E. 
staff made a noteworthy contribution 
to the training of radar personnel 
during the war, and it is doubtless 
this success which has inspired the 
present scheme. 

The statement reproduced on 
p. 207 refers to two classes of 
apprentices: craft apprentices for 
training as instrument makers, and 
engineering apprentices for training 
as professional engineers.* 





* Italics are ours. 


Technical Training 


Now there is, of course, ample 
precedent for specific apprenticeship 
training courses. Most of the big 
manufacturing organisations sponsor 
them, if they do not actually con- 
duct them, and allow time off for 
attendance. The Ministry of Edu- 
cation approves such courses, as it 
has no doubt approved the T.R.E. 
training scheme. It is generally 
understood, however, that such 
courses are not intended to compete 
with the recognised courses of in- 
struction given in the technical 
colleges in the county. 

The training of the professional 
engineer follows on the lines origin- 
ally laid down by Ayrton and Perry, 
Thompson, Walmsley, and other 
engineer-physicists who determined 
what is the best basic training for a 
student to become a useful member 
of the professional fraternity. After 
the groundwork has been estab- 
lished then he is free to specialise in 
telecommunications or radar, or 
whatever branch of engineering 
takes his fancy. 

Under stress of war, this ground- 
work was frequently short-circuited 
with the results that we have 
already -seen—the student realises 
that no amount of ad hoc training 


s 


can prove a substitute for the real 
thing. 

An important point on which the 
student will require assurance is: 
What is at the end of the course of 
training in a Government Establish- 
ment? If he decides that he does 
not wish to stay on in the service of 
the Ministry of Supply, is he at any 
disadvantage compared with his 
contemporaries who have gone 
through an orthodox training at a 
college or university? 

The term of apprenticeship is five 
years—the same time as it takes a 
student to pass through college with 
an engineering degree or its equiva- 
lent, and to qualify as a Chartered 
Electrical Engineer after a few more 
years of practical experience. 

When the full syllabus of the 
T.R.E. School appears, it is hoped 
that it will make it clear in what 
way the apprentice will be corre- 
spondingly qualified as a professional 
engineer. 

The intake of the school is at 
present limited to 15 per class per 
year, so the new scheme will not 
make much impact on industry for 
the present. ut all wedges have 
thin. ends, and we may yet see 
articles signed ‘‘ B.Sc. (M.o.S.).”’ 
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The Telecommunications Research 
Establishment at Great Malvern 


This Establishment, whose name and reputation are world-wide through its wartime activities, recently 
invited visitors to a 3-day exhibition of the developments which it is undertaking in radio and electronics 











Centimetric Radar Sonde. This is a miniature 
self-contained radar station in a lightweight 
container which ascends to a height of 75,000 ft. 
The balloon then bursts and the instruments 
descend by parachute. During the flight, infor- 
mation on pressure, humidity, etc. is trans- 
mitted every I5 seconds. 

The corner phtograph shows a close-up of the 
recorders and transmitting equipment 


° 





R.E. is one of the largest 
¢ research establishments on the 
Air side of the Ministry of Supply. 
While it retains its wartime responsi- 
bility for the development of radio 
equipment for the Royal Air Force 
and Naval Air Arm, T.R.E. is now 
responsible also for the development 
of radio aids for Civil Aviation and 
for a programme of research in radio 
and electronics, part of which is 
sponsored by the Department of 
Scientific and Industrial Research. 
The establishment is organised 
into three main technical depart- 
ments : Radar, Physics, and 
Engineering. 
Radar Department 


The main objective of the Radar 
Department is to design, with a 
view to production, radar and pulsed 
radio navigational aids for military 
and civil aircraft. 

The radar bomber with its HS 
equipment for locating targets and 
A.G.L.T. (Airborne Gun Laying 
Turret) for detecting enemy fighters 
and directing guns is an example of 
equipment designed specifically for 
military use. 

Another example is given in the 
night fighter with its A.I. (Aircraft 
Interception) radar equipment 
which can locate bomber targets at 
night or in conditions of bad 
visibility, and present on the wind- 
screen the position the enemy would 
assume were it visible to the human, 
as well as the radar “ eye.”’ 

The problems of Civil Aviation are 
closely related to those military pro- 
blems on which T.R.E. worked dur- 
ing the war. Techniques developed 
during the war for locating aircraft 
are being applied to solving the 
problem of long- and short-range air 
traffic control (Airfield Control 
Radar) and new equipments such as 
the Airfield Surface Movement 
Indicator are being devised to give 
a picture of an airfield under all 
conditions of visibility. 

Meteorological investigations car- 
ried out in collaboration with the 
Physics Department have made it 
possible to design an equipment 
(Cloud) and Collision Warning) 
which can detect dangerous cumulo- 
nimbus clouds and high ground by 
night and day. 
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Physics Department 

The Physics Department is con- 
cerned with fundamental and basic 
research in radio and electronics, 
rather than the design of specific 
equipments for military or civil use. 


Examples of the type of work 
sarried out are research into the 
properties of very short waves, 


infra-red radiation, and investiga- 
tions in the field of electronics. 

The main problem in the infra-red 
region is to devise fast and sensitive 
detectors in the ‘‘ long ”’ infra-red 
region (5-154). Already this work 
has proved of great commercial value 
in the very fast detection of ‘‘ hot 
spots ’’ in brake linings, and may 
ultimately provide a means of pro- 
ducing heat pictures when ordinary 
light pictures are impossible, i.e., in 
the dark. 

Fundamental work on electronics 
is illustrated by the magnetic D.c. 
amplifier which can detect a signal 
of 10-” watt and the electronic 
digital computer which can remem- 
ber numbers and carry out mathe- 


Electronic Engineering 


matical operations in a fraction of a 
second. An interesting application 
of servo motors is found in the auto- 
matic following telescope. It has 
been successfully demonstrated at 
Greenwich Observatory that this 
system will enable a telescope to 
follow a star at night quite auto- 
matically without any external 
assistance. 

Engineering Department 

The Engineering Department pro- 
vides the bridge between the 
scientific staff and commercial pro- 
duction. Preliminary work on draw- 
ings and experimental equipment is 
carried out in drawing offices and 
small workshops situated in each 
experimental block. The Engineer- 
ing Unit carries out constructional 
work on the final experimental 
model, the full drawings being pre- 
pared in the Main Drawing Ofhce 
attached to the Engineering Unit. 

T.R.E. is also responsible for the 
packaging of equipments and spare 
components so that they can with- 
stand the rigours of Arctic winters 
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as well as the high humidities and 
temperatures of tropical regions, 
School of Electronics 

The Ministry of Supply has now 
launched a comprehensive appren- 
ticeship scheme, the object of which 
is to provide technically trained 
personnel for the Ministry and for 
Industry. The Ministry of Supply 


School of Electronics has _ been 
established at T.R.E. and = was 
officially opened on Thursday, 
May 27. 

Two classes of apprentices are 


being trained—craft apprentices for 
training as instrument makers, and 
engineering apprentices for training 
as professional engineers. Both serve 
a five-year apprenticeship, and the 
annual intake is about 15 in each 
class. Engineering apprentices are 
selected by the Civil Service 
Commissioners on the results of a 
competitive examination, while craft 
apprentices are recruited locally by 
competitive interview and aptitude 
tests. 


Two views of a [5 MEV Synchrotron demonstrated at the exhibition 
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An Ultrasonic Memory Unit 


for the 


Electronic Engineering 


EDSAC 


By M. V. WILKES, M.A.* 


and 


W. RENWICK, B.Sc.7 


Introduction 


HE successful completion of the 

ENIAC by the Moore School of 
Electrical Engineering in  Phila- 
delphia marked a new stage in the 
application of electronic devices to 
computing.” This machine suffers, 
however, from two major draw- 
backs: its great complexity—it con- 
tains in all 18,000 valves—and its 
very limited memory capacity. The 
latter defect, although unimportant 
when solving the ordinary differen- 
tial equations for which the machine 
was primarily intended, seriously 
limits its sphere of application. In 
order to deal with problems in 
partial differential equations, for 
example, one really needs storage 
capacity for hundreds or even 
thousands of numbers. 

These limitations of the ENIAC 
were clear to the designers and even 
before it was finished a second pro- 
ject, for a machine known as the 
EDVAC (Electronic Discrete Vari- 
able Automatic Calculator), was 
being discussed. One of the authors 
was privileged to study the plans 
for this project in August, 1946, 
when he attended the latter part of 
a course on electronic computing 
machines at the Moore School; in 
this connexion he is.especially in- 
debted to Dr. John Mauchly, Dr. J. 
Presper Eckert, Dr. Herman H. 
Goldstine and Dr. T. K. Sharpless. 

The EDVAC is now in course of 
construction and a machine on 
similar lines is being built in the 
University Mathematical Laboratory 
at Cambridge. This latter machine 
is known as the EDSAC (Electronic 
Delay Storage Automatic Calcu- 
lator). Although it is not yet com- 
plete, two units of the memory have 
been buili. The memory is the 
central part around which the 
machine is constructed, and as its 





* Director, The University Mathematical Laboratory, 
Cambridge. 

+ The University Mathematical Laboratory, Cam- 
bridge. 


Fig. 5. General view of 

the computer racks with 

a completed battery of 

delay units in the fore- 
ground 


design presents many problems of 
interest to electronic engineers, it is 
thought that a description of its 
main features may be of interest in 
advance of the completion of the 
whole machine. 

The same type of memory is being 
used in the EDVAC and some in- 
formation about it has already been 
published.** 


General Principles 


There are many advantages in 
designing a calculating machine to 
work in the scale of two. In this 
scale there are only two digits, 1 
and 0, and numbers therefore lend 
themselves to representation by a 


Tag 


fe) 7 


Fig. |. Representation of binary digits by 

pr e or ab of pulses. The binary 

number !10! is equivalent to 2°+2°+0-+-1, 
i.e., 13 in decimal notation 
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Clock pulses 


Fig. 2. Regeneration and circulation of pulses 


in delay unit 
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train of pulses, .the presence of a 


pulse indicating a ‘‘1”’ and the 
absence of a pulse a ‘‘0.”’ Fig. 1 
will make this clear. This system is 
adopted for the EDSAC and all 
internal operations in the machine 
are carried out in the scale of 2. 
The machine will, however, accept 
numbers in the scale of 10 and carry 
out the necessary conversion ‘to the 
scale of 2 automatically; it will 
similarly convert output data into 
the scale of 10 before printing takes 
place. Users need not therefore 
take any account of the fact that 
the machine itself works in an un- 
familiar scale. 

The programme of operations to be 
carried out by the machine is 
broken down into a series of orders, 
each of which” represents an 
elementary arithmetical or transfer 
operation. These orders are exe 
pressed in code form as a train of 
pulses and are stored in the memory 
until required, in exactly the same 
way as numbers. 

The memory system depends on 
the use of a device, by means of 
which a train of pulses may be 
delayed for a time interval longer 
than the duration of the train. The 
pulses are passed into the delay 
device and when they appear at the 
output terminals are amplified and 
routed back to the input. Thev are 
thus kept in circulation for an in- 
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definite length of time and can be 
taken out when required. It will be 
noted, however, that a given group 
of consecutive pulses is not, in 
general, available at once, since it 
is necessary to wait until it emerges 
from the delay. This disadvantage 
is fundamenta) to the present type 
of memory and cannot be avoided. 


The system as’ described above is 
open to the objection that the pulses 
would suffer some deterioration in 
waveform at each passage through 
the delay unit, the cumulative effect 
of which would be fatal to the correct 
functioning of the device. This 
difficulty is avoided by modifying 
the system in the following manner : 
Instead of being passed direct to the 
input of the delay unit, the outcom- 
ing pulses are applied after ampli- 
fication to an electronic gate circuit 
which controls the passage into the 
delay unit of pulses (known as clock 
pulses) from a continuously running 
pulse generator. Each time a pulse 
appears at the output of the delay 
unit, a clock pulse is allowed to pass 
into the input; if no pulse appears, 
no clock pulse passes into the input. 
The result is exactly the same as if 
the pulses were circulating con- 
tinuously, but they are, in effect, 
renewed at each passage and succes- 
sive deterioration of shape _ is 
avoided. The arrangement is shown 
in diagrammatic form in Fig. 2. 


Ultrasonic Delay Unit 


The delay system used may now 
be described. It makes use of the 
fact that ultrasonic waves in liquids 
travel at speeds which are slow on 
the time scale on which electronic 
events can be made to occur, so that 
it is. possible to delay a train of 
pulses for a comparatively long time 
by converting them into pulses of 
ultrasonic sound and passing them 
down a column of liquid a few feet 
long. The conversion is conveniently 
done by means of an X-cut quartz 
crystal, and an exactly similar 
crystal can be used at the far end 
of the tube to convert the ultra- 
sonic pulses back into electrical 
pulses. 


Before being applied to the trans- 
mitting crystal, the pulses are 
modulated on to a carrier wave of 
frequency 13.5 Mc/s. The crystals 
are cut to resonate at this frequency 
when unloaded. Modulation is 100 
per cenf. in the sense that the ampli- 
tude is zero between pulses. The 
pulses picked up by the receiving 
crystal are amplified, shaped and 
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Fig. 3. Schematic diagram of memory unit 


used to control the passage of clock 
pulses in the manner described 
above. Gating circuits are provided 
for input and output so that num- 
bers circulating in the delay tube 
may be cleared when no longer re- 
quired. The schematic diagram of 
a unit is shown in Fig. 3. 

The storage capacity of an ultra- 
sonic memory system depends on 
the length of the liquid column and 
the time interval between successive 
pulses. In order to make maximum 
use of a given length of liquid and 
therefore of a given overall delay it 
is clearly desirable to use pulses 
which are as short as possible. On 
the other hand the use of pulses 
appreciably shorter than 1 #S raises 
very difficult technical problems, 
and some compromise is necessary. 
In the EDSAC, the pulses are 
approximately 0.9 #S long, and the 
minimum interval between the end 
of one pulse and the beginning of 
the next is 1.0 #S. It may be men- 
tioned here that the standard ampli- 
tude for pulses throughout the 
machine is about 18 volts. 


For mathematical reasons which 
are outside the scope of this article, 
it was decided to make provision for 
34. binary digits in each number. In 
the decimal scale this corresponds 
to about 10 digits. One additional 
digit is required to represent the 
sign, so that 85 consecutive pulses 
or blank spaces are needed to 
specify a single number. It is con- 
venient to allow a space equal to one 
pulse length between consecutive 
numbers so that the total length of 
a number is increased to 36 pulses. 
This interval is sometimes referred 
to as a minor cycle, a term originally 
introduced by Dr. von Neumann of 
the Institute for Advanced Study, 
Princeton. 


Choice of an Ultrasonic Delay Medium 


The ultrasonic delay units 
described in this paper are filled with 
mercury. There are a number of 
reasons why this is the most suitable 
liquid to use, although if necessary 
satisfactory results could no doubt be 
obtained with other liquids. In the 
first place the acoustic impedances of 
mercury and quartz are similar, so 
that there is no difficulty in loading 
the crystal adequately and thereby 
ensuring good energy transfer with 
sufficient damping of the crystal to 
give the required bandwidth. More- 
over, the temperature coefficient of 
variation of velocity of sound in 
mercury is fairly small over the 
range of temperatures usually found 
in a laboratory. It is not therefore 
necessary to keep the tubes at any 
particular temperature, but only to 
ensure that they are all within, say, 
4° C. of the same temperature. The 
frequency of the clock pulses must 
in this case be controlled elec- 
tronically by one of the delay tubes 
so that the time of circulation of 
pulses is equal to the correct number 
of clock pulse intervals. An alterna- 
tive way of proceeding would be to 
keep the mercury tubes within close 
temperature limits by means of a 
thermostat and to use a crystal con- 
trolled oscillator. This method is 
not, however, being used in the 
EDSAC. 

A final advantage of mercury is 
that it is not corrosive and the tubes 
can be made of mild steel. It is, of 
course, necessary to keep the mer- 
cury away from all brass parts. 


Mechanical Construction 


The wavelength in mercury which 
corresponds to the carrier frequency 
of 13.5 Mc/s. is about 0.004 in.; this 
is very small compared with the 
diameter of the active area of the 
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Fig. 4. Construction of battery of mercury tubes 


crystais (3 in.) and it follows from 
considerations similar to those 
familiar in geometrical optics that 
the crystals must be parallel to one 
another to within about 3 minutes 
of are. For this reason a very rigid 
structure and accurate machining 
are required. 


Fig. 4 is a sketch showing the 
form of construction adopted for the 
battery and Fig. 5 is a photograph 
of an assembled unit. The crystals 
are located against two plates of 
steel 1 in. thick, the surfaces of 
which are ground flat. These plates 
are held parallel to within an 
accuracy of better than 0.001 in. 
and at the correct distance apart by 
two 4in. H-girders which have 
accurately-machined ends. The mer- 
cury tubes themselves are held in 
position between the end plates in 
the manner shown in Fig. 6. 


The mercury itself provides elec- 
trical connexions to the front sur- 
face of each crystal, while connec- 
tion to the rear is made by means 
of a brass electrode A which is let 
into the end plate and insulated 
from it by a Tufnol insert C and a 
Paxolin washer B. The final grind- 
ing of the end plates is not done 


until the electrodes have been in- 
serted. 
In the memory system being 


described, each tube -is arranged to 
hold 576 pulses or 16 minor cycles. 
- Since a memory capacity of at least 
several hundred numbers is required 
in the complete machine, it will be 
seen that many separate tubes are 
required. In the case of the 
EDSAC these are built in batteries 
of 16, each battery therefore holding 
256 numbers. Two such batteries 
have been constructed and further 
batteries will be added as required. 


The figure of 16 for the number 
of mincr cycles in a single delay 
tube was chosen partly because it is 
a power of 2, and is therefore con- 
venient from the point of view of 
switching operations, and partly 


Fig.7. End-plate 
assembly of battery. The 
upper photograph shows 
the exploded view. The 
screening cans seen in 
this photograph have 
since been replaced by 
the type shown in Fig. 5 


because the resulting length of tube 
(about 5 ft. 4 in.) lends itself to 
sound mechanical construction. Also 
the use of very much longer tubes 
would have given rise to excessive 
attenuation. Similar considerations 
led to the decision to build the tubes 
in batteries of 16. 


It may be mentioned here that 
the minute air gap which always 
exists between surfaces in contact, 
even though they have been ground 
flat, serves to prevent the passage 
of ultrasonic energy backwards 
from the crystal into the brass. 
This is because of the very large 
acoustic mis-match between air and 
brass, and between air and quartz. 
If this gap becomes filled with some 
liquid, such as oil, which wets both 
surfaces, it no longer acts as an 
acoustic insulator, and a serious loss 
of performance occurs. Some trouble 
was experienced at first on account 
of small quantities of oil trapped in 
the minute space between the brass 
electrode and the Tufnol insulator 
being drawn out by surface tension 
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Fig. 6. Assembly of tube and end plate 


= brass electrode 
= Paxolin washer 
= Tufnol insert 
steel collar 
= rubber washer 
= captive rubber washer 
= quartz crystal (.009 in. thick) 


AT™™MONe> 


into the gap between the crystal and | 


the brass electrode. 
trode 


it and the Tufnol insulator is filled. 


As a further precaution, the use of | 


oil should be avoided when turning 
the Tufnol insulators. 


Each crystal is kept firmly in con- 


tact with the corresponding elec- 
trode by a steel collar, D (see 
Fig. 6), and a rubber washer, E, the 
latter forming a mercury-tight seal. 


This can be | 
avoided by dipping each brass elec- © 
into shellac varnish before | 
assembly, so that the space between — 
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The collar also contains a captive 7 
rubber washer, F, against which the | 


end of the steel tube fits, and which 
forms a second mercury-tight seal. 
This form of construction gives an 
extremely rigid structure and makes 
assembly easy; at the same time the 
number of parts which have to be 


machined to a high degree of pre- 


cision is reduced to a minimum. 


Fig. 7 is a photograph of some 


of the component parts of an end 
plate assembly, and also shows 
an assembled end plate. 


Asser 


Bef 
cryst: 
carbo 
dust 
surfa 
opera 
merci 
in co 
for a 
bet we 
eryst 
gap | 
effect 
very 
over 
chem 
caref: 
surfa 
this | 
to w 
howe 
some 
whicl 
cury. 
m, t 
thin 
eryst 
have 
perfo 
a bri 
ener¢ 
in th 
a ye 
off in 

It 
use 
whic! 
impu 
chem 
facto 
show 
of v 
samp 
way 
per ¢ 
due t 
this 
batte 
cury. 

Th 
a we 
the 
fillin, 
whic 

Th 
elect: 
coax: 
dance 
to tk 
the 
Thes 
ing ¢ 
with 
cryst 
the | 
signa 





48 


end plate 


er 
in. thick) 


tal and | 


can be 


ss elec- | 
before | 
etween | 
; filled. | 
use of | 
urning | 


in con- 


r elec- | 





GOA Tease Sinks RO 





RISO gee Sl 








ig 


d (see | 
K, the | 
it seal. © 
captive | 


ich the | 


which 


t seal. Jj 
ves an § 


makes 
me the 
- to be 


of pre- | 


um. 
f some 
un end 

shows 


July, 1948 


Assembly and Filling 


Before assembly the tubes and 
erystals are carefully cleaned with 
carbon tetrachloride, as any dirt or 
dust tends to find its way to the 
surfaces of the crystals and impair 
operation. In the ordinary way 
mercury does not wet quartz, and 
in consequence there is a tendency 
for a thin film of air to be trapped 
between the mercury and_ the 
crystal. As in the case of the air 
gap behind the crystal, this has the 
effect of reducing transmission to a 
very low level. One way of getting 
over this difficulty would be to use 
chemically pure mercury and to pay 
careful attention to cleaning the 
surface of the quartz crystals; if 
this is done, mercury can be made 
to wet quartz. A _ better method, 
however, is to fill the tube first with 
some other liquid such as alcohol 
which wets both quartz and mer- 
cury. When the mercury is poured 
in, the alcohol is displaced and a 
thin film left on the surface of the 
crystals. This film is too thin to 
have any appreciable effect on the 
performance except that it acts as 
a bridge for the passage of acoustic 
energy. An experimental tube filled 
in this way has been in use for over 
a year and shows no sign of falling 
off in performance. 


It was at first thought that the 
use of commercial mercury from 
which the bulk of the oxidisable 
impurities had been removed by a 
chemical method would give satis- 
factory results. Experience has 
shown, however, that the velocity 
of ultrasonic waves in different 
samples of mercury prepared in this 
way can differ by as much as 0.1 
per cent. The effect is presumably 
due to remaining impurities, and for 
this reason it is best to fill the 
battery with double-distilled mer- 
cury. 

The battery of tubes is placed in 
a welded steel tray which collects 
the alcohol displaced during the 
filling operation and any mercury 
which may overflow. 


The crystals are connected to the 
electronic equipment by means of 
coaxial cables’ of 70 ohms impe- 
dance, and screening boxes attached 
to the ends of the battery contain 
the necessary matching circuits. 
These are very simple, each consist- 
ing of a 68-ohm resistance in series 
with a coil which tunes out the 
crystal capacity. Good screening at 
the end of the tubes at whjch the 


signal level is low is essential in 
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order to avoid pickup of stray 
pulses radiated by electric motors 
and other laboratory equipment. 
Circuits 


An important aspect in which an 
electronic calculating machine differs 
from most other applications of 
pulse technique is that many of the 
waveforms are not repetitive. For 
example, at one moment a memory 
tube may be storing a number which 
consists of a continuous train of 
pulses and at the next moment this 
number may be replaced by one 
which contains a few pulses only, 
or even no pulses at all. As a result 
it is necessary to provide D.c. 
restoring diodes at every point in 
the circuit where there is a capacity 
resistance coupling, in order to pre- 
vent changes occurring in the D.c. 
level. The result is that pD.c. 
restoring diodes make up an appre- 
ciable fraction of the total number 
of valves in the machine. 


A typical gating circuit, or elec- 
tronic switch, is shown in Fig. 8. 
The two inputs are applied through 
cathode followers V: and V: to the 
cathodes of diodes Vs and V:, the 
anodes of which are connected 
together and taken up to H.T. posi- 
tive through a resistance R. Since 
the output impedances of the 
cathode followers are low compared 
with R, the anodes of Vs and V;, and 
hence the grid of the output cathode 
follower, can only rise in potential 
if the grids of both V: and DV: rise; 
the output potential then follows 
that of the grid of Vi or V: which- 
ever is the lower. 


Thus if a train of pulses is applied 
to the grid of V: and a positive 
going square wave to the grid of V2, 
the pulses will appear at the output 
for as long as the square wave lasts, 
but will cease to pass as soon as the 
grid of V: returns to zero. Alter- 
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rawgpetes two trains of pulses may 
be applied to each grid; a pulse will 
appear at the output when there is 
a pulse in each input, but not other- 
wise. 


-In practice there is a_ slight 
“* break-through ” when a pulse is 
applied to one grid only, the other 
being held at zero potential. This 
arises because the output resistances 
of the cathode followers V: and DV: 
are not zero, and because the zesis- 
tance of a diode in a conducting con- 
dition is also not zero. In the 
memory system being described, 
EB34’s (double diodes) are used for 
the diodes, and EF54’s (RL7’s), con- 
nected as triodes, for the cathode 
followers. In this case the break- 
throngh amounts to about 13 per 
cent. for an applied pulse of 20 V 
peak amplitude, and the overall loss 
suffered by a pulse passing through 
the circuit is about 2 db. In certain 
cases, when break-through from one 
particular input is esvecially un- 
desirable, it may be possible to 
arrange that the zero level for this 
input is slightly above that of the 
other. Break-through of pulses 
appearing on this input will not 
then occur, although break-through 
of pulses on the other input will .be 
somewhat increased. 

The performance figures given 
above are quite adequate for the 
circuits associated with the mercury 
units. In certain other parts of the 
machine, however, diode gates using 
EA50’s are being used. If the resis- 
tance R is increased to 100 K2 and 
the cathode resistors reduced to 
1 K®2 the break-through is then only 
8 per cent.; the transmission loss is 
still about 2 db. 

The circuits used in association 
with the mercury tubes will now be 
described. 
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Fig. 8. Typical gate circuit 
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Fig. 9 shows the way in which 
pulses are modulated on to a 
13.5-Mc/s. carrier before they are 
passed to the transmitting crystal in 
the delay tube. V; is an electron- 
coupled uscillator which is normally 
prevented from oscillating by V: 
which acts as a damping valve, its 
cathode impedance (1/g) being con- 
nected across the tuned circuit. The 
incoming pulses of amplitude 18-20 
volts are applied to the grid of an 
amplifier (Vi) which is biased back 
by about 10-12 volts in order to 
provide protection against spurious 
pulses entering the system from out- 
side. When JV: conducts, its anode 
potential falls and V: is cut off. The 
damping impedance is_ therefore 
removed from the tuned circuit, and 
V; begins to oscillate. In order that 
it should cease to oscillate promptly 
when the applied pulse ceased, it 
was found necessary to include an 
extra damping resistance (2.2 K®) 
in the cathode circuit of V2. 

R.F. pulses from the anode of Vs 
are fed to the delay tube through 
a length of 70-ohm coaxial cable. 
Correct matching is achieved by the 
circuit shown which presents a 
parallel tuned circuit to the valve, 
and «a series tuned circuit to the 
cable. 

Details of the circuit used to 
amplify and regenerate pulses which 
have passed through a delay tube 
are given in Fig. 10. The r.F. pulse 
input to the transmitting crystal at 
70 ohms is about 25 volts peak, and 
the loss resulting from transmission 
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togethe: with the conversion loss at 
the crystal is about 68 db. The out- 
put from the receiving crystal at 
70 ohms is therefore only about 
10 mV, and two stages of R.F. ampli- 
fication are provided before rectifi- 
cation. 

It was decided after some con- 
sideration to design the system to 
have a bandwidth of 1 Mc/s. at 
3 db. down (1.5 Me/s. at 6 db. 
down). This is not sufficient to pre- 


serve the shape of the pulses, and 
they are lengthened to slightly less 
than 1.9 #S, 2.e., each pulse just fails 
to overlap the following pulse. In 
order to avoid difficulties with p.c. 
restoration, it is necessary to ensure 
that after rectification there is 
always a clear interval between 
pulses: this is done by applying a 
steady bias to the rectifier, so that 
only the tops of the pulses are able 
to pass through. This bias is 
arranged to be adjustable by means 
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Fig. 10. R.F. amplifier, rectifier and pulse-shaping circuits 
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of a variable resistance, and this 
control takes the place of a gain 
control. The bias acts as an addi- 
tional safeguard against the entry 
into the system of interfering signals 
from outside. 

As an alternative, the system 
might have been designed to pass 
pulses without appreciable lengthen- 
ing; a bandwidth of something like 
4 Mc/s. would have been required 
for this purpose. While this would 
have been entirely practicable, the 
signal level at the input of the 
amplifier would have been lower, 
and an additional stage of amplifi- 
cation would have been necessary. 

After rectification the pulses are 
passed into two shaping stages, one 
having a short time constant C-R 
coupling. The output pulse, which 
is between 1.6 and 1.8 #S long and 
about 28 volts in amplitude, is used 
to gate clock pulses. Since the 
clock pulses are only 0.9 4S long, 
there is an overlap of between 0.7 
and 0.9 uS. This provides sufficient 
tolerance, to allow for slight differ- 
ences between units, variation of 
clock pulse frequency, etc. 


Short Tubes 


In addition to the long tubes com- 
prising the main memory batteries, 
there will be a requirement in the 
control and computer units of the 
EDSAC for short tubes giving delays 
of length 1 minor cycle and } minor 
cycle. A sketch showing the mode 
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Fig. 11. Short tube, with 
sketch of its construction 
A = steel tube 
B = Tufnol sleeve 
C = quartz crystal 
D & D’ = rubber washers 
E = bevelled, sandblasted, 
mild steel washer 
F = brass electrode 
G= Tufnol plug 
H = filling and expansion 
hole 


J = steel plunger 

















of construction of one of these tubes 
is given in Fig. 11, together with a 
photograph of an assembled unit. 


It will be seen that the diameter 
of the active area of the crystal is 
only 3/16 in. compared with 3 in. 
in the case of the long tubes, and 
that it is surrounded by a bevelled 
and sandblasted washer. This is in 
order to reduce the amplitude of 
pulses which are reflected at the 
surfaces of the crystals and which 
makes several passages of the tube 
before entering the amplifier. As a 
further measure to this end, a 4 B.A. 
screw is inserted in the middle of 
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the tube (along a diameter); this 
acts as a baffle, and causes a certain 
loss of energy at each passage of the 
pulses. Similar devices are unneces- 
sary in the case of the long tubes, 
since the attenuation in the mercury 
is sufficient to reduce to a negligible 
amplitude pulses which pass more 
than once along the tube. 
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Portable Wire 
Recorder 








HE Webster-Chicago Model 80 is 

a self-contained, portable mag- 
netic wire recorder and player. It is 
sold complete with microphone and 
three spools of wire, two }-hour and 
one $-hour. 

The wire is 0.004 in. diameter and 
runs at a speed of 2 ft./sec. for 
recording and 14 ft./sec. for rewind- 
ing, the driving motor being of the 
4-pole, shaded-vole induction type. 
A single recording head is used for 
recording, playing and erasing. Four 
valves are used in the apparatus, 
three as amplifiers and one as a 
rectifier. Tone and volume controls 
are fitted and there is a_ built-in 
54-in. loudspeaker, also an output 
socket. 

The price in America is about £38. 
Makers: The Webster-Chicago 
Corp., 5610 Bloomingdale Avenue, 
Chicago 39, Illinois, U.S.A. 
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Vacuum Oxide-coated Rectifiers 
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ALVES used in rectifier circuits 

may be high vacuum, mercury 
vapour, mercury arc, or_ hot 
cathode gas-filled. Each type has 
its specific uses for which it is pre- 
ferred over and above other types, 
but this article is limited to high 
vacuum types having oxide-coated 
cathodes. 

As is well known, the ideal diode 
is one in which the internal voltage 
drop is zero. Mercury vapour valves 
closely approximate to this ideal, 
while high vacuum types fall much 
shorter of this condition. For this 
reason, among others, it has been 
customary to confine the high 
vacuum valves to low current 
applications, but the need for valves 
to operate in any mounting position 
and under wide ranges of tempera- 
ture and humidity has led to the 
design of high vacuum valves for 
regions usually covered by mercury 
vapour types. High vacuum oxide- 
coated rectifiers now exist for ratings 
up to 8 KV p.c. at 250 mA output 
and up to 30 KV p.c. 250 #A p.c. 
output. 


Summary of Design Procedure 


It is the aim of valve manufac- 
turers to design and produce valves 
which have a good efficiency and 
which will give a satisfactory life 
with reliability during that life. 
The good efficiency requirement is 
primarily the responsibility of the 
valve designer, but life and _ reli- 
ability during life depends not only 
upon satisfactory design but on 
factors which are influenced by the 
ability of the manufacturing per- 
sonnel and the quality of the 
manufacturing plant. 

Valve design usually starts from 
a known requirement which is finally 
met by joint processes of theoretical 
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of High 


Fig. 5. 


calculation, the use of previous 
experience and the practical testing 
of experimental samples. The calcu- 
lations used are generally of a semi- 
empirical nature, while experience 
on numbers of existing types which 
are known to be satisfactory has 
enabled the designer to collate 
design data in the form of empirical 
formulae or design charts which 
simplify the basic calculations. 
efore starting work on a new 
rectifier the designer requires to 
know the output desired in voltage 
and current, which information he 
has to interpret into the primary 
parameters of peak current, anode 
dissipation and peak inverse voltage. 
The peak current requirement 
settles the. rating of the cathode 
which may be directly or indirectly- 
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Micro-thermopile set up for anode dissipation measurements 


heated, dependent on the particular 
application, and. the wishes of the 
customer. 

The anode design is essentially a 
compromise to accommodate the 
conflicting needs of D.c. output volt- 
age, peak anode current, manufac- 
turing clearances and total anode 
dissipation. As shown in Fig. 1, the 
output voltage possible falls with an 
increase in the minor axis of the 
anode, while the anode dissipation 
rises rapidly. 

At this stage the valve design 
has to be carefully reviewed from 
the standpoint of the maximum peak 
inverse voltage, which function bears 
no clearly definable relationship 
with the mechanical considerations 
dictated by current and dissipation, 
and it is often the case that the ulti- 
mate detailed design of the valve is 
governed almost entirely by voltage 
considerations. The use of ‘ pinch 
ears,”’ ‘‘ nib seals,’ ceramics, bulb 
locating devices, guard wires and the 
shielding of insulators are all 
dictated by the peak inverse voltage. 

The external dimensions of the 
finished va!ve are determined by 
voltage and anode _ dissipation 
requirements. The envelope size 
has to be adequate to give sufficient 
voltage flashover clearance between 
the anode and cathode terminals and 
to dissipate safely the heat generated 
in the valve. The present tendency 
to totally enclose equipment and to 
use such equipment at high ambient 
temperatures makes it necessary to 
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pay particular attention to this part 
of the design. Finally, it should be 
appreciated that valve design is 
closely related to economics and it is 
desirable to employ parts which are 
standard to other types already 
tooled, while the quantity needed 
may call for particular types of 
manufacturing plant. 

At this stage practical samples 
have to be constructed and further 
modifications are then carried out 
as a result of tests made on actual 
valves. 


Definitions 


There are certain rectifier para- 
meters that can be defined. These 
are: 


The peak current. This is the 
maximum current passed by the 
valve during the conducting cycle 
and is limited by the applied voltage 
and the total impedance of the 
circuit. 


The mean current is the average 
value of the unidirectional current 
wave measured over the whole cycle. 
This latter is limited mainly by the 
load circuit impedance. 


The switching current is the surge 
measured at the instant of switching 
and as it is limited solely by the 
source resistance of the circuit it can 
under some circumstances be as 
great as twenty times the mean 
current. 


The peak/ mean ratio is the ratio 
of the peak to mean currents, 


The peak inverse voltage is the 
voltage which normally appears 
across the valve during the non- 
conducting cycle. It is usually 
equal to 1.4 times the input volt- 
age plus the output voltage, but is 
often greater. 


The anode dissipation consists of 
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Fig. 2. The force acting on the filament of a 
U.19 rectifier when running at full load. Peak 
inverse volts, 14.5 kV 
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the normal impedance losses together 
with any power radiated to the anode 
from the cathode system. 


Detailed Design Considerations 


General 


As stated earlier, the design of a 
rectifier for a specific purpose is 
governed by the mean _ rectified 
current required and the desired in- 
put and output voltages of the 
circuit. These basic parameters 
control the values of peak/mean 
current ratio, peak inverse voltage 
and total charging resistance. The 
design of a valve to meet these 
requirements starts with a considera- 
tion of the cathode system : 

Cathode Area and Temperature 

The operating temperature for the 
cathode has to be chosen so that 
there is adequate emission life and 
this determines the current density 
which can be employed. This is true 
for all emitters, the working tem- 
perature range of each material 
being different and the satisfactory 
‘* band width ”’ comparatively small, 
the range for oxide-coated cathodes 
being 950° -1,150° K. Different 
manufacturers design at varying 
points in this band. American prac- 
tice seems to favour hotter cathodes 
than are normally used in_ this 
country, their valve cathodes being 
operated at 1,055°-1,150° K. corres- 
ponding to 3-4 watts per sq. cm. 
of radiating cathode surface. In 
our Company, experience over many 
years has shown that for all oxide- 
coated rectifier cathodes a design 
figure of 2.5 watts/cm’ of cathode 
surface corresponding to a tempera- 
ture of 1,020° K. represents an 
effective compromise between ade- 
quate peak current reserve, consis- 
tent quality in manufacture and 
satisfactory life. 


Type of Cathode 


Valves may have directly or in- 
directly heated cathodes. Directly 
heated types have fewer components 
and are therefore cheaper to manu- 
facture, while indirectly heated 
types are mechanically more robust 
and because they have cathode heat- 
ing times similar to other valves in 
the circuit, thereby mitigate high 
switching voltages on the con- 
densers. Directly heated cathodes 
usually operate at peculiarly low 
filament voltages, because a reason- 
able length valve system is limited 
to 2-3 volts per filament “‘ Vee.” 
Both wires and strips are used, strips 
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being favoured for higher filament 
currents because the length can be 
shorter for an equivalent rating. 


Even the thickest strips and wires 
used as cathodes are weak mechani- 
éally and it is necessary to support 
them, usually by a cantilever or 
helical spring hooked on to. the 
centre of the ‘‘ Vee ”’ formed by the 
filament. During the reverse cycle 
the electrostatic pull exerted on the 
filament tends to displace it, some 
idea of the forces existing in practice 
being shown in Fig. 2. This pull 
is rhythmic, and sets up vibrations 
which can destroy the filament if it 
in insufficiently rigid. Thus the 
filament has to be tensioned such 
that its vibration is damped without 
stressing the metal to the yield 
point. Extensive life test and prac- 
tical experience has shown that for 
the safe running of nickel at 
1,020° K. the maximum permissible 
tension must not exceed 100 
gm/mm’, 

For indirectly heated valves the 
choice of cathode is independent of 
heater rating but it is usual to 
employ standard cathode sizes as 
used in other valve types but run- 
ning them at 25 per cent. increase in 
wattage on normal valve _ types. 
Circular cathodes and _ concentric 
systems are simpler to make and 
more consistent in mechanical 
tolerances and are therefore used 
where the anode to cathode clearance 
is small and the cathode wattage 
not greater than 4 watts. 

Fig. 8 shows various means of 
locating the cathode in the mica 
supports. 
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Valve Impedance 


To keep the envelope and getter 
as cool as possible the total dissipa- 
tion in the valve must be kept small, 
and therefore the valve impedance 
has to be the minimum possible, as 
determined by peak inverse voltage 
requirements and/or mechanical 
tolerances. Fig. 4 shows an empirical 
curve relating minimum clearance 
to peak inverse voltage, and design 
adjustments have to be made 
until a satisfactory compromise is 
cbtained. 

Practice has shown that the impe- 
dance is also dependent upon the 
application. Fer a.c./p.c. sets 
where the H.T. voltage is limited, 
very low impedances are necessary 
controlled only by mechanical con- 
siderations. For a.c. set types the 
impedances and _ clearances’ are 
larger, while for high voltage types 
where large external series resis- 
tances are essential there is con- 
siderable latitude as the valve 
impedance can only be a small part 
of the total circuit resistance. 
Rectifiers performing the same func- 
tion, but made by different manu- 
facturers, have impedances varying 
by as much as 23/1. 

Anode Dissipation 


The temperature rise of the anode 
must be limited to a figure of about 
400° C., and therefore it is necessary 
to set a limit on anode dissipation. 
The valve maker does not normally 
specify this as a rating because it is 
not easy for the user to measure 
and maximum D.c. output current 
is usually given instead. Neverthe- 
less, the valve maker needs to know 
in detail the performance of the 
anode and usually carries out three 
interdependent checks: 


1. Actual Anode Wattage Measure- 
ment, 


While :t is possible to take simul- 
taneous readings of current and 
voltage across the valve and to 
integrate the power loss in each 
cycle, a more elegant method is to 
use a bolometer. Fig. 5 shows such 
an instrument in use. When the 
valve reaches steady running con- 
ditions the output of the thermopile 
is measured and then, without mov- 
ing the valve or thermopile, the 
rectifier anode is supplied from a 
D.c. source, thus enabling the instru- 
ment to be calibrated directly in 
terms of wattage dissination in the 
anode. 


2. Anode Temperature Measure- 
ment. 
Special valves are constructed, 


having a_ thermocouple of fine 
chromel-alumel wires welded to the 
centre of the anode and brought out 
via a special seal. Measurements of 
anode temperature are made for 
varying cathode watts and for a 
number of anode wattages, and thus 
the actual anode temverature for 
any desired operating condition is 
available, this data being plotted as 
in Fig. 6. 


3. Back Emission Measurement. 


In the course of processing and 
running a thermionic rectifier a 
certain amount of barium from the 
cathode is deposited on the anode 
surface, this contamination forming 
an emitting area should the anode 
temperature be sufficiently high. 
If the anode is operating at a tem- 
perature such that primary emission 
of electrons is taking place, then, 
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Fig. 4. The effect of anode/cathode clearance 
on the maximum permissible safe peak inverse 
voltage 
Fig. 3. (Left) Various methods of cathode 
location 

A. Metal tag pushed down on to the mica. 

B. Cathode squeezed flat to enlarge the diameter. 
C. Cathode end belled out to enlarge the diameter 
D. Beaded cathode 

E. Shaped end fitting into suitable mica slot 
F. Lug formed to give mica location 

G. Side embossings 


during the negative half-cycle on 
the rectifier, electrons from the 
anode bombard the cathode and 
can produce premature failure. By 
testing the valve in a circuit as 
shown in Fig. 7 a curve of back 
emission current against output can 
be plotted. Such a curve is illus- 
trated in Fig. 8 and the “ knee” 
indicates the region of output 
current below which back emission 
is effectively zero and above which 
the anode temperature is such that 
back emission increases continuously 
with output current. This method 
does not entail making up special 
valves but requires considerable 
technical skill in assessing the 
merits of a particular valve as the 
curve is often gradual; allowances 
must be made for mica leakages and 
circuit capacities to earth, and the 
valve must be adequately stabilised 
by ageing. 

Such a test as this contributes 
information on the amount of anode 
contamination present, and Fig. 9 
shows photographs of anode sur- 
faces giving bad and good back 
emissions. 


Anode Design 


It is customary to employ various 
forms of bright or coated nickel or 
iron for the anode material. The 
bright surfaced metal will satisfac- 
torily radiate 0.25 watt/sq. cm., 
which figure is quadrupled if a black- 
surfaced material is used. 

The heat in the anode must be 
distributed over the surface as 
evenly as possible, but the material 
thickness is limited to about 
0.005 in. to permit thorough degass- 
ing on machine pumps working at 
normal speeds in mass production. 








fs 


3 
54 


W 
conc 
part: 
sivel 
this 
pecu 
As s 
or tl 
radiz 
diate 
eners 
sive 
gassl 
life, | 
is th: 
* ha 
the < 
point 
is po 
volts 
gradi 
emiss 
it ha 
mark 
of hij 


for v 
Volta: 


Insula 

Fo 
ing \ 
facto 
for a 
the 1 
does 
empl 
of 1¢ 
used 
striat 
surfa 
carbc 

Le: 
volta 
milli 


1S 


REVERSE CURRENT (pA) 











6 


earance 
inverse 


cathode 


be 
iameter. 
jiameter 


ica slot 


le on 
1 the 
- and 

By 
it as 
back 
it can 
illus- 
nee ”’ 
utput 
ission 
which 
1 that 
1ously 
ethod 
pecial 
prable 

the 
is the 
vances 
5 and 
d the 


vilised 


ibutes 
anode 
‘ig. 9 
» gur- 

back 


arious 
kel or 

The 
tisfac- 


cm., 
black- 
ist be 
© as 
iterial 
about 
egass- 
ng at 
ction. 











July, 1948 


With particular anodes the heat 
concentration may be such that 
parts of the anode may be exces- 
sively hot at dissipations well below 
this rating and for this reason 
peculiar shapes of anode are used. 
As shown iin Fig. 9, fins are fitted 
or the anode is shaped so that the 
radiating surface is increased imme- 


diately around the part in which’ 


energy is being dissipated. Exces- 
sive temperature may result in 


gassing of the anode giving short 
life, but the most dangerous feature 


is that of primary anode emission or ° 


“back emission.”” The edges of 
the anodes are important from the 
point of view of field emission. It 
is possible with only a few thousand 
volts inverse to have a steep local 
gradient sufficient to cause field 
emission if the edges are ragged and 
it has therefore been found to be a 
marked advantage to flare the ends 
of high voltage rectifier anodes, even 
for voltages as low as 5 KV inverse. 
Voltage Considerations in Design 
Insulation 

For low voltage types of rectify- 
ing valves, mica insulation is satis- 
factory. This material is standard 
for all radio receiving types where 
the maximum peak inverse voltage 
does not exceed 2 KV and it can be 
employed up to voltages of the order 
of 10 KV provided that the mica 
used is free from inter-layer metallic 
striations and care is taken that the 
surface is free from grease and other 
carbonaceous material. 

Lead glass can be used safely with 
voltage gradients of 1,500 volts per 
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application of this is shown in Fig. 
10, which valve has 15 KV peak in- 
verse across 10 mm. of glass, and it 
will be seen that in this case the 
glass pillars are made as an integral 
part of the pinch structure. For 
more complicated forms of structure, 
glass is not mechanically suitable 
and ceramic is resorted to as an 
alternative. This material can 
withstand the same order of poten- 
tial gradients, but is more subject to 
surface contamination because of its 
rougher surface. 
Electron Bombardment 

The voltage performance of in- 
sulators is very much impaired if 
they are subjected to electron bom- 
bardment. Trigger ares are built 
up across the surface causing the 
release of gas and subsequent valve 
failure and it is good practice to 
design in such a manner that insula- 
tors are placed so that they cannot 
be bombarded, but where this is not 
possible it is usual to shield them 
by enclosing them in metal. Refer- 
ring again to Fig. 10, early develop- 
mental samples used an unprotected 
mica bridge for supporting the fila- 
ment springs, and although in this 
case the mica only had the filament 
voltage’ across it, serious trouble 
resulted from charges built up on it 
and the problem was only solved by 
the fitting of metal shields. 
Bulb Charges 

When high peak inverse voltages 
are involved bulb charges can be 
very serious. Electrons from the 
cathode which can take a direct 

path past the anode and impinge 
































millimetre. An example of the on the glass bulb can build up 

1sO 

Fig. 8 (left). 
— Fig. 9 (right). 
< 
a. 
— 
= 
= 
100 
Fe COMBINED REVERSE CURRENT 
CURVE 

rd 
4 
wi 
> 
+ — i 

50 cme 7 

LEAKAGE CURVE sormemnuntiae ni: 
| Er 
BACK EMISSION CURVE——>\,.%" 
CO | ee 
150 200 250 300 


LOAD CURRENT (mA.) 


charges having potentials of the 
same order as the p.c. voltage. The 
getter. patch is particularly suscep- 
tible to this charging effect and if 
large. enough can flash over to the 
nearest electrode. To overcome this 
trouble it is necessary to prevent 
free electrons having a direct sight 
of the bulb and this involves restric- 
tion of the cathode length and the 
use of end shielding. 

Bulb Location 


To make valves suitable for 
normal transport it is desirable to 
support the anode in some manner 
from the bulb. Such locators may 
be of metal or of insulating material 
such as mica, and a representative 
collection of types is shown in 
Fig. 11. 

Anode Leads 

Attention has to be paid in high 
voltage types to the type of anode 
lead-out employed, particularly in 
valves of small physical size. The 
voltage gradient at the seal can 
overstress the glass causing small 
cracks and finally giving air leaks, 
this being particularly noticeable on 











A, 8, 
VALVE 
ON TEST 
A 
Pe r LOAD 
INSERT AB OA 
WHEN REQUIRED cuso ze 
AT A,B, OR Az Bo 
u27 1000 jxA 


Fig. 7. A circuit diagram of a unit used for back-emission measurements 

D.C. output current plotted against reverse anode current showing 
component leakage and back emission curves 

The left-hand valve shows the inside surface of an anode heavily 

coated with deposits originating from the cathode coating. The right-hand valve 
shows the appearance desired after pumping 
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Fig. 9. Various types of electrode structures used to obtain a low anode 
impedance 


Fig. 10 (centre), Various constructional features used to improve voltage 
performance 





(3) SHIELDED MICA 





Fig. ||. Types of bulb locating devices 
Wire ‘‘ snubbers "’ 
Rigid central supporting top lead 
Stiffened locating micas 
Metal springs 
Flexible ‘‘ wing *’ micas 
Pips locating on the glass—the pips are of varying size to allow for bulb diameter 
tolerances 
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feather-edged metal/glass _ seals. 
Such stresses are reduced by fitting 
a cap over the seal such that a large 
area of glass is covered, or by 
‘* silvering ”’ a part of the bulb. 


Bulb Temperature Measurement 


The reduction in the size of equip- 
ment and its use under tropical con- 
ditions makes it important that 
equipment designers as well as valve 
makers shall maintain close checks 
on achieved bulb temperature. The 
steady reduction in valve sizes has 
made valve designers very con- 
scious of this matter as_ bulbs 
operating at temperatures exceeding 
250° C. are liable to electrolyse, 
giving poor insulation and liberation 
of gas. Excessive getter tempera- 
ture causes the getter to migrate and 
ruins its ability to absorb gas 
occluded during life. 

An empirical method of tempera- 
ture measurement employed with 
some success is the use of Ther- 
metric paints. By painting the bulb 
with dots of various paints sensitive 
to a range of temperatures a perma- 
nent record of the temperature 
distribution of the whole valve can 
be obtained even though the valve 
is enclosed and is in an inaccessible 
part of an equipment. 

The most accurate method is the 
use of a _ surface thermocouple 
of iron and constantan, mounted on 
the surface of the bulb. 

Future Developments 
These appear to be mainly in two 


directions, one being the use of | 


oxide-coated cathodes at higher 
values of operating voltage and the 
other a miniaturisation policy of 
getting equivalent outputs from 
valves of smaller physical size. 
Oxide-coated cathodes are inferior 


to tungsten filament types on the | 


score of flashover tendencies and 
robustness to overloads, but have 
size, efficiency and economic advan- 
tages. Examples of recent experi- 
mental work are half-wave rectifiers 
with peak inverse voltages of 7.1 KV 
and current ratings of 250 mA, 
500 mA and 1 amp respectively. 

Size reduction is best shown in 
the following types: 

U33 18 KV piv, 33 in. long. 

U29 30 KV priv, 53 in. long. 

A further interesting development 
is the E1524 rated at 500 0-500 V, 
250 mA output which is 23 in. long 
compared to the U52 with the same 
rating, but which is 5 in. long. In 
this case the anode impedance has 
been reduced by the expedient of gas 
filling. 

(To be continued.) 
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The Luminescence of Simple Oxide Phosphors 


HE simple oxide phosphors 

constitute a range of materials 
which have been rather poorly 
investigated, probably because, witn 
few exceptions, they are inefficient. 
Yhey are, however, of considerable 
academic interest because they 
represent about the simplest class 
of luminescent materials, and being, 
in general, very insensitive to heat- 
treatment and the addition of 
fluxes, provide data from which con- 
clusions may be drawn with more 
confidence than from more complex 
compounds. 

The present investigation was 
made under considerable difficulties 
and provides qualitative rather than 
quantitative data. In spite of this, 
it is hoped that the writer’s 
observations will shed some light 
on the subject from a broader angle. 

Sir William Crookes was _ un- 
doubtedly one of the first workers 
to examine the simple oxides under 
cathode-ray excitation, but the 
observations made in many cases 
suggest that the source of excita- 
tion was an ion rather than an 
electron beam, owing to the rela- 
tively poor vacua then available. 
In spite of this, Crookes examined 
some pure unactivated oxides, such 
as beryllia, which he describes as 
giving a “‘ beautiful blue _phos- 
phorescence.”’ This material, how- 
ever, belongs to the class of 
‘impossibly dull ’’ materials. He 
also synthesised a number of 
chemically unstable phosphors, the 
alkaline earth oxides. The writer 
has repeated this work successfully, 
and has applied these materials to 
cathode-ray screens by means of a 
special technique. 

means of obtaining quantities 
of basic materials of sufficiently 
high purity for this experimental 
investigation had to be found so as 
to provide at least several pounds 
of each pure compound. In some 
cases the hydroxide was _precipi- 
tated, when due precautions were 
taken to keep the carbonate content 
as low as possible. The _ purity 
reached in most cases (based on the 
iron content) was about 2 x 10-" 
parts per part, and was in some 


* Cinema-Television, Ltd. 


By R. B. HEAD, M.Sc.(Eng.)* 


cases a good deal better than this. 
A difficuity encountered with pre- 
cipitated hydroxides was the com- 
piete removal of alkali nitrates, 
and none of the precipitates could 
be said to be spectroscopicaily pure, 
although very low in alkali metals. 
All the preparations were carried 
out on a small laboratory scale. 

Table I: shows some _ results 
obtained by heating small quanti- 
ties of the pure oxides, and then 
exciting them by means of cathode- 
rays. It is seen that  beryllia, 
magnesia, alumina, boron oxide 
and thoria give very dull dilute 
bluish fluorescence, and zirconia, a 
brighter bluish-white. No oxides 
possessing black-body colours were 
found to fluoresce in the visible 
range, although dark-coloured phos- 
phors are known. Luminescence 
thus seems confined to the oxides 
of metals occurring generally in 
Groups II, lI, and IV of the 
Periodic Table. 

The most important of these is 
Group II. It was not found possible 
to activate beryllia with any ele- 
ments except manganese and 
chromium, both of which gave 
extremely dull orange phosphors. 
Magnesium oxide was extremely 
disappointing, since the phosphors 
formed are very dull, and show a 
tendency to burn with a change of 


colour. Zinc oxide, prepared at 
low and high temperatures in 
oxidising atmospheres’ gives a 


yellow* fluorescence under cathode 
rays. Activation by manganese 
and cadmium was found to produce 
green fluorescence, but with larger 
quantities, yellow, and finally dull 
red fluorescence. Uranium and 
cerium gave screens in all quantities. 
Cerium was remarkable for the 
flame luminescence shown at high 
temperatures with as little as 5 
parts per million, but a phosphor 
containing 1 part in 5,000 showed a 
somewhat longer afterglow than 
ZnO (Zn), with a comparable effi- 
ciency. Molybdenum was found to 
act as a killer, but encouraged 
burning. 
The 


* J. A. Radley and J. Grant, (P. 201, Fluorescent 
Analysis in Ultra-violet Light). 


most efficient zinc-oxide 





phosphor obtained was a_ zinc- 
activated material produced by 
burning zine vapour in an insuth- 
cient supply of oxygen, and firing 
this material at a dull red-heat in a 
slightly reducing atmosphere. Some 
samples of ZnO (Zn) prepared from 
precipitates hardly showed fluores- 
cence under ultra-violet excitation, 
but were fairly efficient under 
cathode-rays. Certain forms of 
zinc-oxide show a very marked in- 
crease of efficiency under ultra- 
violet excitation when cooled to the 


temperature of liquid air, when 
the afterglow, instead of being 
extremely short, is visible for 


several seconds. 

All forms of zinc oxide, including 
the yellow forms, were found to 
show ion and electron burn, and it 
appeared at an early stage of the 
investigation that oxides possessing 
low heats of formation would be 
very liable to show burning. For 
this reason, the bulk of the investi- 
gation was confined to calcium, 
strontium, and barium oxides, since 
these possess high heats of forma- 
tion. All these materials are un- 
stable in moist air. In some cases 
exposure for only two or three 
minutes greatly reduces the effi- 
ciency under cathode rays. In the 
preparation of phosphors from these 
materials, no fluxes of any sort 
were used, so as not to confuse the 
properties of the materials. 

After a number of preliminary 
experiments, it soon became clear 
that: 

(a) Calcium oxide is a_ prolific 
source of phosphors, and _ every 
element, almost without exception, 
produces a characteristic fluores- 
cence under cathode rays, even 
iron, nickel and cobalt. 

(b) The colour of fluorescence of 
calcium oxide phosphors is very 
insensitive to the concentration of 
the activator. 

(c) The colour of fluorescence 
depends entirely on the chemical 
state of the activator, i.e., the 
activating oxide may be reduced 
to a lower state by hydrogen-firing 
the phosphor. 

(d) There is some connexion be- 
tween the colour of fluorescence and 
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the position of the activator in the 
Periodic Classification, but the effi- 
ciency of calcium oxide is very low 
compared to other oxides. 

(e) Strontium oxide forms few 
phosphors. 

(f) Barium oxide forms no phos- 
phors fiuorescing in the visible 
range, unless a _ proportion § of 
beryllia is present. 


Calcium Oxide 


The results obtained by activat- 
ing calcium-oxide by traces of every 
available element are shown in 
Table II. It is found in many eases 
that when the activator is reduced 
to the elemental state, or at least a 
state of lower valency by means of 
hydrogen-firing, the luminescent 
band is completely different to that 
obtained under oxidising conditions. 
Where possible, the phosphors are 
tabulated so as to show the colour 
of fluorescence under both oxidis- 
ing and reducing conditions. H. 
Jackson* stated that “if calcium 
oxide which  luminesces _ bright 
orange is heated in an oxyhydrogen 
flame it subsequently gives a blue 
phosphorescence.”’ It is found that 
this occurs with a number of CaO 
phosphors, and both blue and yellow 
forms are often present at once. 
This appears to be due to the 
fact that both oxidising and reduc- 
ing conditions are present simul- 
taneously. Further evidence is 
added by the fact that CaO (Ce) 
shows only yellow fluorescence when 
so prepared, and reference to Table 
II shows that both oxidising and 
reducing conditions give yellow 
fluorescence (band spectrum). It 
is, however, surprising that cerium 
present in either the tervalent or 
tetravalent states gives the same 
spectral distribution. 

A rather peculiar effect is shown 
by the phosphor CaO (Y). This 
material, unlike CaO (Sc), or 
CaO (La), gives twelve or thirteen 
separate luminescent bands, includ- 
ing a fluted orange band. The 
result of heating the phosphor 
(whose cathodoluminescence appears 
whitish) in an oxyhydrogen blow 
pipe is to produce. lumps whose 
luminescence varies in colour from 
red to blue. Spectroscopic examina- 
tion of each lump, shows that all 
the bands are present in each case, 
but that some have been apparently 
accentuated with regard to others. 
The phosphors CaO (Sc) and 


* (Mellor) “ A Comprensive Treatise on Inorganic 
and Theoretical Chemistry " Vol. TIT. p. 662. 





Electronic Engineering 


CaO (La) show marked visual dif- 
ferences when prepared under both 
oxidising and reducing conditions, 
but here again, the spectroscope 
shows only an_ accentuation of 
certain bands. (Where the activat- 
ing oxide is easily reduced, as with 
Pb, Tl, Bi, etc., a totally different 
band makes its appearance, to corre- 
spond with a state of lower valency, 
or even an elemental state). 

Calcium oxide activated with rare- 
earths is of interest, since, although 
the phosphors are inefficient, they 
are very resistant to burning. The 
rare-earth oxides are not reduced 
by hydrogen and possess high heats 
of formation, and sinte calcium 
oxide itself is irreducible, it could 
be predicted that such phosphors 
would be very robust. It has long 
been known that the rare-earths 
form coloured compounds with one 
another, the commonest case prob- 
ably existing as the contamination 
of ceric oxide with praseodymium. 
The darkening of the body colour 
of CaO (Ce) in reducing conditions 
could be understood, as the colour 
of Ce:0; is grey-green, and that of 
CeO:, a light lemon-yellow. The 
writer has found that in the case of 
other rare-earth activators such as 
scandium, lanthanum, dyspro- 
sium, there is always a darkening of 
body-colour, although these rare 
earth-oxides are irreducible, and only 
one oxide of each metal is known. 
A comparison of pure samples of 
calcium oxide fired under both con- 
ditions showed no such darkening, 
and, since the rare-earths used were 
approaching spectroscopic purity, it 
appears that calcium oxide may 
perhaps be induced to form traces 
of coloured compounds with rare- 
earths in the presence of reducing 
conditions. References to _ this 
phenomenon are given in Mellor, 
Vol. 5, where ceria-thoria mixtures 
are cited as showing a darkening 
when heated and cooled in a reduc- 
ing atmosphere. One worker claimed 
to have obtained cerium hydride, 
by heating ceric oxide and mag- 
nesia in hydrogen. This hydride 
was said to possess a “‘ blue-black ”’ 
colour and may _ have __ been 
2Ce0:Ce:0: cerous cerate. 


In the case of cerium (which 
occupies a special position in the 
rare-earths series), Kréger and 
Bakker* have shown that with a 
number of base materials, the 








* <The Luminescence of Cerium Compounds ” 
(Laboratoria—-N. V. Philips Gloielampenfabrieken, 
Holland). 
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cerium only promotes luminescence 
when present in the trivalent state. 
The phosphors, SiO:(Ce) and 
SrO(Ce) certainly require prepara- 
tion in a reducing atmosphere in 
order to induce luminescence, 
although very faint luminescence is 
observed when prepared under 
oxidising conditions. CaO(Ce) would 
appear to be an exception, and the 
writer has found other exceptions 
where the basic material is more 
complex than, a single oxide. 

It has been found possible to 
prepare materials in which the 
activator exists in both states simul- 
taneously. The material SrO(Bi) 
(oxidising) possesses a blue fluores- 
cence. SrO(Bi) (reducing) possesses 
a yellow-green fluorescence. On 
hydrogen-firing the blue phosphor, 
the yellow-green band gradually 
makes its appearance, and if the 
firing is stopped at the correct 
point a phosphor possessing a 
“white ’’ fluorescence is obtained 
as both blue and yellow bands are 
present simultaneously. If the 
material initially contains the 
normal amount of bismuth, the 
body-colour will change to grey after 
hydrogen-firing and bismuth metal 
will be lost by volatilisation. In 
most cases where the activator is 
reduced to the elemental state, it 
appears less soluble in the basic 


‘material than when the activator 


is present, presumably as a Solid 
solution of one oxide in another. 
The particularly inefficient material, 
CaO(Pt) exhibits yellow fluorescence 
under oxidising conditions, and this 
may be due to the fact that the 
platinum is present in the metallic 
state. 


One of the most interesting cal- 
cium phosphors is CaO(I). In the 
state CaO (Cal:), the fluorescent 
colour is blue, but if prepared by 
admitting a trace of iodine vapour 
to calcium oxide under reducing 
conditions, a much brighter material 
is produced, giving an egg-yellow 
fluorescence. This material is very 
temperature - sensitive, and _ very 
difficult to prepare properly. On 
heavily bombarding the _ yellow 
form with cathode-rays, it ‘* burns 
back ” to the blue form. Presum- 
ably the iodine, existing in a very 


reactive and _ possibly elemental 
state links up with the basic 
material under the opportunity 


afforded by the disturbance due to 
bombardment. Both blue materials 
possess identical or almost identical 
spectral distributions. In this case, 
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Table 1. 


Unactivated Oxides 
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Table 2. Calcium Oxide Phajhors 
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Phogjhors (Cathode-ray Excitation) 
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Table 3. 


Strontium Oxide 
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a form of ‘ burning”? does not 
actually destroy the luminescence, 
but cases can be cited in which both 
the ‘‘ oxidised’’ and ‘“ reduced ”’ 
forms of a materal can be burnt to 
a non-luminous substance. One such 
case is the material CaO(Cu), which 
exhibits green fluorescence in the 
oxidised form, and very dull blue 
fluorescence in the reduced form. 
Both these forms burn to non- 
luminous materials, the body-colour 
of each becoming grey. A still 
more peculiar phosphor was _ pre- 
pared by the addition of a trace of 
bismuth to CaO(Cu). On first bom- 
barding with cathode rays, the dull 
violet of CaO(Bi) was observed, but 
in a few minutes this was superseded 
by the much brighter green of 
CaO(Cu). After a short while, the 
material burnt to a non-luminous 
state. 


Stability 


It was noticed that the inclusion 
of activators such as zinc, copper, 
antimony, etc., in calcium oxide 
caused speedy and _ violent ion- 
burning. Since the oxides of such 
metals possess low heats of forma- 
tion it appeared that robust phos- 
phors could probably be prepared 
by limiting the activating oxides to 
those possessing high heats of forma- 
tion, such as the rare-earths, phos- 
phors such as CaO (Ce, Sc, Y, etc.) 
were found to possess remarkable 
stability, and under the existing 
experimental conditions no burning 
was observed even when gas was 
present during bombardment. It 
is difficult to say whether it is 
possible to synthesise a material 
showing entire absence of electron- 
burn, as this type of burn can be 
produced by so many factors. As 
will be shown later, materials 
have been prepared which ‘ burn 
brighter ’’ instead of duller. There 
is little doubt that ion-burning does 
not cause chemical reduction. In 
the case of zine oxide, ZnO(Zn), an 
actual darkening of body-colour is 
produced by bombardment with 
negative ions. Lumps of Al:O:(Cr), 
which have been fused at a very high 
temperature appear as if chromium- 
plated after heavy ion-bombardment 
and this is almost certainly due to 
chromium metal, 
and natural sapphires from different 
sources do not show this effect. The 
phosphor Si0:(Ce) appears to be 
stimulated by ions, without showing 
ion-burn at all, so that the positive 
ions of a cathode-ray tube produce 
a central luminous ion-spot on the 
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screen. This material shows electron- 
burn of two types, burning brighter 
than the unbombarded screen at 
high current densities, and duller at 
low current densities. 

A conclusion reached so far, is that 
in order for.a material to possess 
high stability, the basic oxide and 
the activating oxide must both 
possess high heats of formation. This 
conclusion is unlikely to be general 
since the phosphor SrO(Bi) happens 
to be rather robust, although bis- 
muth oxide possesses a low heat of 
formation (see Table III). Zine 
ortho-silicate in addition to zine 
oxide, is easily reduced by hydro- 
gen-firing. The stability of the 
former compound contrasted with 
the instability of the latter com- 
pound suggest that the ease with 
which reduction takes place under 
cathode-rays depends very much 
on the type of chemical bond exist- 
ing between the zine and the acid 
radicle. 


Connexions between Fluorescent 
Colour and the Periodic Table 


Reference to Table II shows that 
for calcium oxide, there appear to be 
some connexions between the colour 
of cathodoluminescence, and the 
position of the activator in the 
Periodic Table, for some sub-groups. 

In the cases of CaO activated with 
the following elements, S, Se, Br, 
Sn, Te, I, Hg, In, Tl, Pb, Bi. and 
SrO activated with Bi, a completely 
new band of luminescence has been 
observed on firing the phosphors in 
hydrogen. 


Strontium Oxide 


Where this material is prepared 
from the monohydrate which melts 
at about 400° C. difficulty is some- 
times experienced owing to the 
formation of a hard cake of oxide. 
It is found that if the hydroxide is 
heated in a tall crucible from the 
top only, the last traces of water are 
expelled in such a way as to produce 
a ‘foam ”’ of bubbles. 

On calcining this foam at tempera- 
tures as high as 1,450° C., it falls 
easily to a crystalline powder on 
stirring with a rod of alumina. This 
process forms the subject matter of 
a pending Patent Application in the 
joint names of Cinema-Television, 
Ltd., and the author. This material 
is very strongly alkaline, and hygro- 
scopic, so that exposure to air must 
be limited to three or four minutes. 
During the preparation, it is advis- 
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able to use prewarmed vessels, and 
preferably to carry out sieving 
operations in a_ special box into 
which absolutely dry gas is passed. 
The operators must wear rubber 
gloves, and masks, since inhalation 
of the powder causes violent sneezing 
and nose-bleeding. 

It is interesting to note that at 
least two Strontium oxide phosphors 
possess long afterglows, although 
these are very inefficient. They are 
SrO(Hg), and = SrO(In). There 
appears to be some very strong 
chemical bond between the mercury 
activator and SrO or CaO, since 
extremely little is lost on calcining 
at high temperatures. 

Strontium oxide can be activated 
by beryllium to give an inefficient 
blue phosphor. The quantity of 
beryllia is critical, but both SrO(Be) 
and SrO(Bi), while possessing short 
afterglows at room _ temperature, 
exhibit long blue afterglows at tem- 
peratures in excess of 200° C. under 
ultra-violet excitation, and no satis- 
factory explanation of this was 
forthcoming at the time of writing. 
Strontium oxide, generally speaking, 
is much more sensitive to impurities 
than calcium oxide, and electron 
and ion burn are greatly encouraged 
by the presence of carbonate before 
firing. This can be demonstrated 
effectively if SrO(Bi) is prepared by 
passing oxygen over heated SrCOs to 
which the activator has been added. 
The carbonate is never completely 
converted to oxide, and comparison 
of this material with phosphors made 
from hydroxide containing some 
carbonate, and the nitrate, show the 
importance — of minimising the 
carbonate content. 


Efforts to chemically — stabilise 
SrO(bi) by additions such as MgO, 
CaO, etc., have not shown much 
success. The addition of MgO 
caused bad burning, and an increase 
of the afterglow, but the CaO addi- 
tion (in equimolecular proportion) 
showed an increase of afterglow, 
but gave a material which ‘ burnt 
brighter ’’ under heavy bombard- 
ment. It must be noted that both 
CaO and SrO are activated by bis- 
muth. Addition of silica to stron- 
tium oxide reduces the efficiency by 
an enormous amount. 


Double Oxides 


It is seen from Table II, that all 
elements in Group II of the Periodic 
Table induce blue fluorescence when 
used to activate CaO. The result of 
heating any two oxides from Group 
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{I, without an activator also pro- 
duces materials possessing blue 
fluorescence, although all of these 
materials are extremely dull. 


The double oxide, Ca0.ZnO 
possesses a blue fluorescence under 
cathode rays, and a dull yellow 
fluorescence under ultra _ violet 
excitation, which is enhanced at the 
temperature of liquid air. This 
material shows burning, and appears 
to possess a somewhat longer after- 
glow than its components. The 
cause of luminescence might be due 
to a form of double lattice distor- 
tion, since no activator is present. 
This appears to be a similar case to 
the tungstates, CaO.WO:, CdO.WO,, 
MgO.WO,, all of which give blue or 
violet fluorescence without activa- 
tors. In these cases the afterglows 
are considerably longer than many 
CaO phosphors. 


Double oxides with activators are 
usually still more efficient and often 
possess still longer  afterglows, 
examples being calcium _ silicate 
(Mn), germanates, phosphates, etc. 
There appear to be very few activa- 
tors for most of the more complex 
compounds, and this suggests that 
two or more conditions have to be 
fulfilled simultaneously by the 
activator. 


Afterglow 


It is of interest that the shortest 
afterglow appears to be possessed 
by CaO(Ce), for which the writer 
obtains a rough figure of 0.2 x 10-° 
seconds. 


Unactivated zirconia exhibits an 
afterglow with a long “tail” but 
the shape of the curve follows a 
simple law. SrO(Bi), a much more 
efficient material, possesses a more 
complex form of afterglow, repre- 
sented by two time-constants. Wille- 
mite, a still more efficient material, 
possesses a much longer afterglow, 
and this appears also to follow com- 
plex laws. There has been recent 
evidence to show that the addition 
of a fifth oxide to zine beryllium 
silicate, still further increases the 
afterglow. |The conclusion to be 
drawn from here seems to be that 
afterglow and efficiency increase in 
proportion, between certain limits, 
and that materials possessing 
short afterglows must be (a) in- 
herently inefficient, and (b) very 
simple in constitution. 


The writer is indebted to Cinema- 
Television, Ltd., for permission to 
publish this work. 
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A Television 


HE type T.A.B. television 

pre-amplifier shown in_ the 
photograph is designed for use with 
television receivers where an increase 
in sensitivity is required. It will 
considerably extend the range from 
Alexandra Palace at which a 
receiver may be _ satisfactorily 
operated, and in the ‘“‘fringe’’ areas 
where the signal is beginning to fall 
off an improvement in the contrast 
and clarity of the picture will be 
obtained by its use. 


Both sound and vision signals are 
amplified equally by the pre-ampli- 
fier, which is connected into the 
aerial feeder between the aerial and 
receiver. The unit is self-contained 
with its own power pack and the 
only connexions required are the 
incoming and outgoing feeders and 
the mains cable, which should be 
connected into the switched mains 
circuit of the receiver. 

Two high-gain H.F. pentodes are 
used to provide the necessary gain 
at the very wide bandwidth used. 
A gain control is provided in order 
to be able to adjust the signal in- 
put to the receiver to the optimum 
level; the maximum gain is approx!- 
mately 30 db. An impedance of 
approximately 80 ohms is used for 
input and output, co-axial sockets 
being provided for the terminations. 
The response of the amplifier is sub- 


Pre-Amplifier 


stantially flat between 41-48 mega- 
cycles. The amplifier is pre-set per- 
meability tuned and utilises four 
tuned circuits, high ‘‘Q’”’ coils wound 
on distrene formers. 

The unit is contained in a louvred 
steel case 7} in. long by 5} in. wide 
by 23 in. deep and four fixing lugs 
are provided for attachment pur- 
poses. The front panel carries the 
input and output co-axial sockets 
together with the gain control, the 
mains lead also being brought 
through this panel. 


Padder Unit 


In order to provide for the run- 
ning of more than one television 
receiver from a common. aerial 
system without mutual interaction, 
an isolating padder unit has also 
been designed, This unit permits of 
up to three receivers being run 
together and attaches to and 
matches the pre-amplifier. A re- 
duction of overall gain between the 
input and the three outputs occurs 
owing to the attenuation of the 
isolating network. This reduction is 
approximately 16 db, leaving an 
overall gain between input and each 
output of approximately 14 db. 

The makers of the pre-amplifier 
and padder unit are Messrs. Clive 
Courtenay & Co., Ltd., of Horsham 
Road, Dorking, from whom further 
particulars can be obtained. 
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HLF. Pentodes in 
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NUMBER of circuits of the 

electrometer type have appeared 
in the technical press in which a 
normal type of receiving valve has 
been used instead of the special elec- 
trometer valve usually employed. 
Very little information is, however, 
available to indicate either how far 
this substitution may be taken or 
what are the best operating condi- 
tions for the valves. The following 
investigation was therefore under- 
taken to ascertain the suitability of 
certain British valves when em- 
ployed in circuits of this type. 
As the work was proceeding, an 
article’ describing similar work on 
American valves appeared in the 
Review of Scientific Instruments. 


Grid Current 


The paramount requirement for an 
electrometer valve is that it shall 
present a high impedance to the 
source, and in fulfilling this need 
various difficulties are met. It is 
found with all valves that when the 
grid is made sufficiently negative to 
prevent electrons actually reaching 
it, there exists a small current in the 
opposite direction. This negative 
grid current is normally too small. to 
be of any importance with conven- 
tional circuits, since it is of the order 
of 10-°A. When, however, grid 
leaks of 100 megohms and above are 
employed, as is quite common in 
electrometer circuits, effects due to 
this current become noticeable. 

The causes of this grid current 
have been stated by Metcalf and 
Thompson’ and their findings are 
given below: 


1. Leakage over glass or in- 
sulation. 

2. Ions formed by gas present in 
the valve. 

3. Thermionic grid emission due 
to heating of the grid by the 
filament. 

Ions emitted by the filament. 

Photo-electrons emitted by the 
control grid under action of 
light from the filament. 

6. Photo-electrons emitted by the 
control grid under action of 
soft X-rays, produced by 
the normal anode current. 


OO 
e . 
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In the following measurements no 
attempt was made to isolate com- 
pletely each of the above effects 
from the others. The only separa- 
tion made was to note the effects of 
independently varying the electrode 
potentials and from the results of 
these experiments it apvears that 
the predominating causes of grid 
current are due to effects 1, 2, and 8. 

The leakage current can take 
place over both internal and external 
paths and in order to keev the 
external resistance as high as 
possible it is desirable to use a valve 
with top cap grid connexion. In 
practice it was found that the 
external leakage current was always 


considerably less than that through’ 


internal paths, provided that the 
bulb was kept reasonably clean and 
dry. 

The ionisation current will depend 
in the first place on the degree of 
evacuation of the valve and secondly 
on the density and velocity of the 
electron stream, and in practice the 
total grid current in the region 
where ionisation current predomi- 
nates is found to rise very nearly in 
proportion to the anode current and 


Ta mA. 


Ig/la characteristic at constant anode voltage 


to the square of the anode voltage. 

A reduction in the heater voltage 
was found to decrease the grid cur- 
rent with practically all the valves 
tested, pt this is presumed to be 
due mostly to reduced grid emission, 
although other effects may also be 
present. 


Ig/la Characteristics 


The complete grid current / anode 
current characteristic at a constant 
anode voltage is of the form as 
shown in Fig. 1. 

In the region A-B of this curve the 
anode current is cut off by the high 
bias voltage and the ionisation cur- 
rent is therefore zero. The grid 
current is then mostly due to leak- 
age and grid emission. The slight 
rise shown at A is due to increased 
leakage through the grid cathode 
path as the bias voltage is raised. 

As the bias is reduced the anode 
current increases and with it the 
ionisation current, as is shown by 
the rise in current from B to C. 
This portion of the characteristic 
becomes. sensibly linear as_ it 
approaches the point C, when at 
this latter point positive grid cur- 
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rent commences to flow and to cancel 
the negative current. The total 
current therefore decreases until it 
passes through zero at point D 
where the two currents are exactly 
equal and opposite. 

The effects of the slope of the grid 
current curve have already been 
pointed out by Morton,” who 
showed how the input impedance 
and effective mutual conductance 
were dependent upon this charac- 
teristic. 

Consideration of Fig. 1 will show 
that over a small portion between 
A and B the input impedance is 
infinite decreasing to a positive resis- 
tance towards A. From B to C the 
resistance becomes negative and 
decreases in value until near point C 
itself it rapidly increases again and 
reaches infinity at C. It then be- 
comes positive again and continues 
to decrease as point D is approached. 

The valve is normally arranged to 
work somewhere in the region be- 
tween B and C, i.e., in the negative 
resistance region, and this means 
that the maximum resistance which 
can be put in series with the grid 
and any source of voltage is limited 
by considerations of stability and 
accuracy of calibration. 

Limiting Value of Grid Leak 

The maximum permissible value 
of grid leak can be found from the 
I. /I. characteristics in the following 
manner : 

Assuming that the valve is work- 
ing at a point where hoth the I. /In 
and I./V« characteristics are linear 
as shown. in Fig. 2, then: 

I. = (V. = Ve)gin os esenes neuroses (1) 

I, aad a (1K Io) Cevdvveccdseoes (2) 
where ©J./5Ve=gm and $];/6I.=K 

If now a grid leak R, is inserted 
in series with a bias voltage E, the 
voltage appearing on the grid will 
be the sum of the bias voltage and 
the voltage developed across the grid 
leak by grid current, i.e.: 

V.=E,—I-Rz where Ig is negative. 
Combining this with Equations (1) 
and (2) gives: 

] 


Le= —(Vo+ Releo~ Ee)m > ep 


EE Se (3) 

From this it can be seen that as 
R: is increased, I. also increases until 
at the point where guKR, = 1 the 
expression becomes infinity. In 
practice, of course, the I: / I. charac- 
teristic is not linear and, as Ia in- 
creases, K first increases and then 
decreases, as point C is approached, 
(Fig. 1) until it reaches zero at C. 
If, therefore, the valve is operat- 
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ing at a point near B with a grid 
leak of value R; = gmK, where gm 
and K are the slopes at the operat- 
ing point, any small fluctuation will 
cause the operating point to move 
rapidly up the I./I. characteristic 
until it reaches a point near C where 
guKR, = 1. The maximum value 
of R, with which the grid will main- 
tain control of J, over the whole of 
the curve is given by R; = 
1/ gmKmax. where Kmax. is the maxi- 
mum slope of the I. / Is characteristic 
between B and C. In practice it is 


necessary to employ a grid leak of 
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importance to know what variation 
in calibration of an instrument will 
occur when different impedances are 
used. 

From Equations (1) and (3) it can 
be seen that the effect of varying 
the grid voltage through a_ high 
impedance Ry is to shift the origim 
of the I./Ve characteristic from Vo 
to Vo + Releo, and to increase the 


slope in the ratio (see 


Cat SERA 
1 7 gmK Re 
Fig. 3), the latter becoming infinite 
when gmKR, =1, 

Assuming that Rel is so small 
that it can be neglected or that it is 
cancelled by means of a zero setting 
device, the percentage change in In 
for series impedance of zero and R; 
in the grid circuit is: 

OS (4) 

1 — gmK Ry 

Thus, if the error is not to exceed 
1 per cent., then guKR, must not be 
greater than 0.01. 

Results of Measurements 

Fig. 4 shows the results of some 
measurements of grid current made 
on an EF387 valve connected as a 
triode, g3 connected to cathode, 
anode and g2 strapped. 

Inspection of these curves shows 
that at high anode currents, where 
the ionisation current predominates, 
the grid current IJ; closely follows 
the expression : 

I; = ofeV." 
where © is a constant for the valve. 

The grid currents obtained for 
very low values of I. do not appear 
to bear any simple relationship to 
the anode voltage and were, in fact, 
found to be rather erratic in 
practice. 

Measurements of the maximum 
value of grid leak with which this 
valve would remain stable showed 
close agreement with the theoretical 
values caleulated from Fig. 4, 
although the exact point at which 
stability is lost is difficult to deter- 








Fig. 2. (Top) la/lg characteristic mine accurately. The results are 
(Bottom) la/Vg characteristic shown in Table 1: 
TABLE | 

Va = Taree) 50 | 100 150 200. | 250 Volts 
Rg max (calculated) . | 60,000 | 5,000 1,300 800 | 630 Megohms 
R : d)— | 

i ena a eee ee Gee ee 

Unstable oe as inne } 5,600 | 1,680 | 1,120 | 560 Megohms 











much lower value than this, in order 
to ensure that stability will be 
maintained. 

Change of Calibration with Source 
Impedance 

the source im- 
high it is of 


where 
very 


In cases 
pedance is 


The change in effective slope with 
this valve when operating at Va = 
150 with a grid leak of 560 megohms 
is about 1.5 times, while the shift in 
the origin due to ReIzo is negligible. 

The valve with which the above 
figures were obtained was selected 





fror 
whi 


teri 


fror 
ope 
whe 
are 
furt 
cur’ 
obt. 
dee 
mos 
gric 
voll 
to 
obt: 
the 
whi 
und 
as ¢ 
latt 
Jt 


test 
Of | 
tha 
29x 
less 
Ay 
gric 
to | 
to | 
cate 
peri 
afte 
joni 
a si 
thir 
tha 
fina 
rer 
wit! 
erré 
or | 
and 


the 
Spe 


the 
tior 
one 
me! 


slig 
is t 
the 
bel« 
cur 
low 
nex 
ano 
sere 


tha 
circ 
hig! 
ord 





iation 
t will 
es are 


it can 
ying 
high 
origi 
ym Vo 
e the 


(see 
finite 


small 
t it is 
tting 
in [a 
id Ry 


. (4) 


xceed 
ot be 


some 
made 
as a 
hode, 


hows 
vhere 
lates, 
llows 


‘alve. 
| for 
ypear 
ip to 
fact, 
ein 


mum 

this 
owed 
tical 
eae © 
vhich 
leter- 
; are 


is 


as 
1s 


with 
Va = 
ohms 
ift in 
rible. 
bove 
ected 





July, 1948 


from several of the same type among 
which the grid current charac- 
teristics were found to vary widely. 
It can, however, be readily seen 
from these curves that the best 
operating conditions are obtained 
when the anode voltage and current 
are kept as low as possible. A 
further improvement at low anode 
currents not shown by Fig. 4 is 
obtained when the heater voltage is 
decreased to about 5 volts. This is 
most probably due to a decrease in 
grid emission. With this heater 
voltage and about 40 volts applied 
to the anode, the anode current 
obtained was equivalent to that of 
the Philips 4060 elec ‘trometer triode, 
while the maximum grid current 
under these conditions was 4x 10-"A 
as compared with 1.6X10-"A for the 
latter valve, a ratio of 2,500 times. 

Two dozen EF86 valves. were 
tested under the above conditions. 
Of these, 15 per cent, had Iemax. less 
than 10-"A, 60 per cent. less than 
2x 10-"A, and 90 per cent. with 
less than 5X 10-"A. 

Apart from the magnitude of the 
grid current it is also of importance 
to know what degree of stability is 
to be expected. Tests on this indi- 
cated that most valves required a 
period of from half to several hours 
after switching on to allow the 
ionisation current to settle down to 
a steady value which might be any- 
thing from 29 to 50 per cent. less 
than the initial current. After this 
final current has been reached it 
remains steady to within 10 per cent. 
with a good valve, but in some cases 
erratic changes of a semi-permanent 
or permanent nature were observed 
and found to be due to alterations in 
the leakage resistances. 


Special Circuits 


Some considerable improvement in 
the limits to the operating condi- 
tions can be obtained by the use of 
one or two special circuit arrange- 
ments. 

One method by means of which a 
slight improvement can be obtained 
is to use the valve as a pentode with 
the anode voltage some 30 volts 
below that of the screen. The grid 
current is then about 20 per cent. 
lower than with the triode con- 
nexion or when V.=Vz. Raising the 
anode voltage above that of the 
screen causes a rapid increase of I. 

It has been pointed out eisewhere* 
that the use of a cathode follower 
circuit permits the use of much 
higher values of grid leak than is 
ordinarily possible. 

It was shown previously that the 
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Fig. 3. Change of 
la/Eg characteristic 
with Source 
Impedance 


ip eekie 
(VorIgeRg) —! 


maximum leak with which stability 
could be maintained was equal to 
1/gmKmax. where Kmox. is the maxi- 
mum slope of the Ix/I. curve and 
gm is the slope of the Ja/V, curve at 
that point. 

With the cathode follower, how- 
ever, the effective slope becomes: 

1 

Smetl) gm rt gmRx 
Where Rx is the load resistance in 
the cathode circuit. 

Consequently the maximum value 
of grid leak now becomes: 


Rz max. = = + R« 
BP icc csics 
Tomax. 

When Rx is made large the effec- 
tive slope becomes independent of 
the slope of the valve and Rgmax. = 
Rx/Kmx. Thus, by using a high 
value of cathode load the grid leak 
can be increased very considerably 
without loss of stability. 

As an example, take the extreme 
case given in Table 1 for which, with 
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-4 -3 -2 =! oO 


—— Vo 


an anode voltage of 250, 
4 mA/V, and K = 400 ##A/mA, it 
was found that instability occurred 
when the grid leak was raised above 
200 Megohms. If now a cathode 
follower is used with a cathode resis- 
tance of only 2,000 ohms, the maxi- 
mum grid leak will be: 
250 + 2,000 

R. max, > ater teprtca~y 

4 X 107 

= 5,600 megohms 
a value which was confirmed by 
experiment. 

The percentage change in effective 
slope for different source impedances 
when using the cathode follower can 
be found by substituting gmcert) for 
gm in expression (4) and an example 
of the effect is shown in Fig. 5. Here 
the change. in slope was calculated 
to be 8 per cent., which agrees very 
well with the curves. 

By using cathode loads of the 
order of 1 megohm it is possible to 
keep the circuit stable with grid 
leaks of several million megohms 
and to make the variation of calibra- 


u = 
gm 
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tion with source impedance very 
small. It must be emvhasised, how- 
ever, that while the cathode follower 
permits the use of very high resis- 
tance, it does not in any way reduce 
the grid current, which will be the 
same as that obtained with a normal 
circuit operating at the same anode 
voltage and current. Whether the 
current is detrimental or not will 
depend solely on its effect on the 
source used. The cathode follower 
circuit has an additional advantage 
in that the negative feedback gives 
a reduction in the effective time con- 
stant of the input circuit (see Ref. 4). 

Another method of obtaining 
stable operation with high grid leaks 
consists simply in the inclusion of a 
high resistance anode load. Then, 
since the ionisation current is pro- 
portional to V.’, it follows that the 
slope K of the I;/I. curve is con- 
siderably reduced. 
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It can be shown that the ionisation 
current reaches a peak at a value of 
I, equal to 1/3 Vaw)/ Ra where Vaw) 
is the line voltage and R. the anode 
load, and between this point and the 
point where I; = 0 the slope of the 
curve is such that a positive input 
impedance is obtained and the valve 
will not go unstable. (See Fig. 6). 

As with the cathode follower, this 
circuit does not give any reduction 
in the grid current flowing, but it 
has the advantage that the gain of 
the valve is not lost, as is the case 
with the latter circuit. Both circuits 
provide a certain amount of com- 
pensation for variations in the grid 
current itself. 

The only circuit by which the grid 
current can be reduced to propor- 
tions equivalent to those of the 
electrometer triode is the one in 
which the grid current is completely 
blocked by means of a high insula- 
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Fig. 4 (top, left). Variation of Ig with la 


and Va in an EF37 valve 


Fig. 5 (above). Cathode Follower 
Va (b) =260 
Rg=0 and 5600 megohms 


Rk= 33,000 ohms 


Fig. 6 (/eft). Effect of anode load 
Va (b)=150 Ra= 100 


tion series grid condenser.’’ In this 
case the valve can, of course, only 
be used on A.c. or as a zero indicat- 
ing device on D.c. in conjunction 
with a tapping key. 

The valve settles down to the point 
of the I; /Is characteristic at which 
the grid current is zero, Point D on 
Fig. 1, and will always return to this 
point if disturbed, provided that the 
leakage from the grid is kept very 
small. 

The input impedance of this 
arrangement is determined by the 
rates of change of the negative and 
positive grid currents which are 
exactly cancelling out one another 
at point D. Of these, the ionisation 
current is rising slowly compared 
with the primary current and the 
impedance is therefore determined 
mainly by the latter. The circuit 
then approximates to that of a diode 
working at a very low signal level 
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and under thése conditions the im- 
pedance can be expected to be of 
the order of 100 megohms when 
I; = 10-*A. max. 

The arrangement appears to work 
quite satisfactorily, but special pre- 
cautions must be taken to keep the 
leakage from the grid low and con- 
stant if it is required to preserve the 
p.c. level in the output, since any 
increase in the leakage current from 
the grid will cause the operating 
point to move away from point D 
on the curve. Accordingly, a valve 
with very high resistance leakage 

paths and low grid emission should 
” chosen for the purpose. The 
ionisation being of only secondary 
importance in that it will determine 
the input impedance obtained. 

If an instrument employing a 
valve in this circuit is required to 
indicate a.c. only, or even when it 
is used with a tapping key to in- 
dicate zero D.c., it is not necessary 
to preserve the D.c. in the following 
amplifier and in this case slow varia- 
tions of the operating point on the 
grid of the input valve will not have 
any noticeable effect on the output 
and it is not necessary therefore to 
take so many precautions as regards 
leakage on the input grid. 

The arrangement would appear to 
be the only one which is capable of 
giving a verformance as_ regards 
grid current, comparable with that 
of the electrometer triode, although 
the input impedance on a.c. of the 
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latter will be some 10° times greater. 

With a perfect capacitor on the 
input grid the current flowing from 
the source will, of course, be zcro 
and the slope of the valve can be 
considerably higher than that of the 
electrometer triode. ‘the chief dis- 
advantage is that a direct reading 
instrument cannot be designed to 
indicate D.c., when using this 
arrangement. A possible solution 
of this difficulty is to convert the 
D.c. into pulses by means of a vibrat- 
ing contact and then to amplify 
these in a normal amplifier using an 
A.c. instrument or valve voltmeter 
to indicate the output. 

A method somewhat similar to this 
was the one actually used to obtain 
the measurements given in_ this 
article. 


Conclusion 


For use in circuits where the grid 
impedince will not exceed some 
100-200 megohms this type of valve 
can be safely used with reduced H.T. 
and preferably a heater voltage of 
about 5 volts, provided that a grid 
current of, say, 10-“A will not 
cause any undesirable effects on the 
input circuit. For use with impe- 
dances of several thousand megohms 
in the grid circuit, both the cathode 
follower and high anode load circuits 
can be recommended; the grid cur- 
rent in these cases being of the same 
order as above. 
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If, however, the grid current is 
detrimental to the input circuit, e.g., 
due to polarisation effects, then the 
floating grid circuit will have to be 
employed when it is desired to use 
ordinary valves. 

It is not possible to obtain a per- 
formance from these valves which 
will compare with the special valves 
designed for electrometer circuits, 
but there are nevertheless applica- 
tions in which they can safely be 
used and it is hoped that these notes 
will be of some help in choosing suit- 
able operating conditions. 
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FUTURE 


The Physical Society 
International Meeting in London 

The Acoustics Group in association 
with the Royal Institute of British 
Architects, is holding a _ three-day 
international conference _on Noise and 
Sound Transmission on July 14, 15 and 
16. This is the first major international 
discussion of the subject for many 
years, and a considerable number of 
papers will be read by European and 
American investigators in addition to 
the contributions from this country. 

The meetings will be held in the 
Jarvis Hall of the Royal Institute of 
British Architects, 66 Portland Place, 
London, W.1. Morning meetings will 
be at 10 a.m. and the afternoon sessions 
at 2.80 p.m. The sessions will be open 
to all who are interested, who should 
inform the secretaries which meetings 
they expect to attend. 

It is hoped to make available before- 
hand summaries of the papers to be 
read, and application should be made 
for these, 

Joint Honorary Secretaries, Acous- 
tics Group, The Physical Society, 1 
Lowther Gardens, Prince Consort 
Road, London, S.W.7. 


MEETIN 


Institution of Electronics 
Exhibition 


The Third Annual Electronics 
Exhibition organised by the 
North-West Section of the Insti- 
stution of Electronics will be held 
at the College of Technology, 
Manchester, during the three 
days July 20, 2.30 p.m. to 9 p.m., 
July 21, 10 a.m. to 9 p.m., July 
22. 10 a.m. to 9 p.m. 

There will also . an exhibition 
of scientific films arranged by the 
Manchester Scientific Film 
Society. 

ELECTRONIC ENGINEERING will be 
pleased to meet readers and 
would-be readers at Stand A. 

Admission will be by ticket 
only, obit ainable from Dr. 











Darbyshire, ‘‘ Melandra,”’ 1 Ker- 
shaw Road, Failsworth, Man- 
chester. 





Thames Valley Amateur Radio 
Transmitters Society 
The next meeting will be held at the 
Carnarvon Hotel, Hampton Court, on 
July 7. The Secretary is now Mr. A. 
Mears, of Broadfields, East Molesey. 


Cambridge Summer School in 
Electron Microscopy, 1948 


A Summer School in Electron Micro- 
scopy will be held this year in the 
Cavendish Laboratory, Cambridge, 
from August 18-24 inclusive. 

The school will provide a grounding 
in the theory and applications of the 
electron microscope. The three lead- 
ing models of instrument will be used, 
and discussions held on their special 
characteristics. 

A detailed syllabus and form of 
application for admission may be ob- 
tained from Hickson, M.A., 
Secretary of the Board of Extra-Mural 
Studies, Stuart House, Cambridge. 


The Royal Photographic Society 
Exhibition 


The Royal Photographic Society’s 
Ninety-third Annual Exhibition is to 
be held at 16 Princes Gate, London, 
S.W.7, during September and October 
this year. 

Further details will be sent, with the 
appropriate entry form, if application 
is made to the Secretary, 16 Princes 
Gate, London, S.W.7. 
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Germanium Rectifiers 


HE crystal rectifier, which in 

its original form was known to 
thousands of radio operators in the 
1914-18 war, came into its own again 
in the 1939-45 war. The use of centi- 
metre wavelengths required a sensi- 
tive detector with a very low 
self-capacitance and high stability. 
These properties were found in the 
silicon detector, which was _ re- 
designed for the special use to which 
it was put. 

The modern silicon detector is 
enclosed in a capsule approximately 
3 in. long and } in. diameter, the 
cat’s-whisker being made of tungsten 
or molybdenum-tungsten alloy. The 
capsule is filled with wax to stabilise 
the contact and hermetically sealed. 


Although unique in its application 
to ultra-high frequency circuits, the 
silicon detector has its limitations, 
principally in its inability to with- 
stand transient overloads and high 
voltages. An alternative detector, 
which is suitable for the lower fre- 
quencies in more general use is the 
Germanium Rectifier, which has 
also been developed by the British 
Thomson-Houston Co., makers of the 
silicon rectifier. 


The rectifier, of which a_half- 
section drawing is shown in Fig. 1, 
is of the same small dimensions as 
the silicon and consists of a 
germanium crystal A attached to a 
plunger B which can be locked in the 
socket by the grub screw D. 


E is the tungsten cat’s-whisker, 
brazed into the metal. end-piece F. 
The whole unit is encased in the 
ceramic tube G, which is silver- 
plated at each end and soldered to the 
end caps. The unit is made only in 
** wire-ended ”’ form, and care must 
be taken to avoid overheating the 
wires when soldering it into circuit. 


Fig. 2 shows the p.c. characteris- 
tics of the rectifier unit. It is not 
damaged by sudden or transient 
overloads of a few milliseconds dura- 
tion and will regain its normal 
characteristics almost immediately. 
An operating life of several thou- 
sand hours continuous running may 
be expected, and the shelf-life is in- 
definite, judging from the available 
statistics. 





Fig. 1. (above) Part section of germanium rectifier cartridge 


Fig. 2 (below). 
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D.C. characteristics of rectifier 
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CURRENT MILLIAMPERES 


The specification of the Type CG 
Form 1-C rectifier is as follows: 
Max. Reverse voltage, —80 V peak. 
Max. Current (Continuous), 50 mA. 
Max. Peak Current Input, 400 mA. 
(limited to 1 sec.). 
Resistance at +1V, 250 max. 
Resistance at —50 V, 50,000 min. 
Capacitance of 1 unit, 144F (av.). 
Max. Operating Temp., 100° C. 
Min. Operating Temp., —40° C. 
In addition to its use as a second 
detector in low impedance wide-band 
amplifiers up to 100 Mc/s., the 
germanium rectifier is very suitable 
for D.c. restoration and as a means 
of developing A.c.c. voltage. The 
absence of heater connexions and 
the low impedance give it a definite 


advantage over the more usual 
vacuum diode, especially where 
space is an important consideration. 


Remedying Sulphation 


The Chloride Electrical Storage 
Co. have recently circulated advice 
for restoring batteries which have 
become sulphated through persistent 
undercharging or neglect. The 
electrolyte should be emptied out 
and the battery refilled with distilled 
water. lt should then be given a 
prolonged charge until the S.G. rises 
to 1,100-1,150. The water is then 
emptied out and the battery again 
filled with distilled water. Charg- 
ing is then continued until the S.G. 
rises to a maximum and. remains 
steady. The electrolyte is then 
finally poured off and replaced with 
sulphuric acid of 1,250 S.G. 
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Radio Communication for Aircraft 


A Development by E. K. Cole, Ltd. 


FrOLLOWING a request from the 
authorities of the Rochford Aero- 
drome at Southend and in anticipa- 
tion of legislation regarding ‘‘ com- 
munication facilities” in civil air- 
craft, E. K. Cole, Ltd., have de- 
veloped a complete twin channel 
ground and air installation. It is 
designed to meet the recommenda- 
tions of the International Civil Avia- 
tion Organisation now in course of 
implementation by the Ministry of 
Civil Aviation. 

The Aircraft Equipment 


The Airborne Transmitter / Re- 
ceiver has been designed for opera- 
tion on two frequencies, one of 
which would be the Civil Aviation 
Guard frequency of 118.1 Mc/s. The 
other would usually be the frequency 
allotted to the local aerodrome from 
which the aircraft operates and 
within the band 118-128 Mc/s. Both 
frequencies are preset and crystal 
controlled, the only manual controls 
being (1) Channel frequency selec- 
tion switch, (2) Send/ Receive switch 
and (3) On/Off switch, making for 
extreme case of operation. 

Sixteen series-operated miniature 
valves plus rectifier are used. The 
circuit comprises two crystal multi- 
plier chains, two R.F. and 
frequency-changing chains 
and common 1.F., detector, 
L.F., and modulator chain. 
All the equipment is fully tro- 
picalised. Power is supplied 
by the 12-volt battery nor- 
mally carried in all aircraft. 

Together with its mount- 
ing tray the Transmitter / 
Receiver, weighing only 





13 lb., can be installed in any 
part of the fuselage. The Control 
Unit (3 lb.) is best mounted on the 
instrument panel, but may be in- 
stalled anywhere within reach of the 
controller. Provision is made for 
the use of two sets of microphones 
and headphone attachments from 
the Junction Box (3 lb.), thus both 
pilot and passenger can hear any 
transmissions. Intercom facilities 
between pilot and passenger are also 
available. 

The 2-way range of the equipment 
will vary with local topography and 
transmitter power, but an indica- 
tion of range under average con- 
ditions is: 

Height (feet) | = 1,000 ; 2,000 
Renge (wis) | 01 Ml 88 66 





10,000 



































Right: The Control Tower 
equipment, showing on the 
left the remote control units. 
The two-channel crystal con- 
trolled V.H.F. receiver and 
the’ rotating D.F. aerial sys- 
tem control mechanism are 
located on the right 


The Ground Equipment 


This comprises: (i) Two crystal- 


controlled V.H.F. transmitters. 
(ii) Two crystal-controlled high 
gain receivers. (iii) One control 


panel. (iv) Two mains-driven 
power units, all mounted in a self- 
contained rack assembly. 

As with the airborne equipment, 
the two frequencies will usually be 
the Civil Aviation Guard frequency 
of 118.1 Mc/s. and that allotted to 


the aerodrome itself. The trans- 
mitter power output is about 5 
watts, the receiver sensitivity 


approximately 3 microvolts. 

The rack mounting equipment 
may be installed either in the con- 
trol tower or at some position near- 
by. Remote control facilities are 


available if required, so that 
control of either channel may 
be taken over immediately at 
either the rack or remote en:i. 
The D.F. Equipment 

For use in conjunclion with 
the aircraft and ground equip- 
ment a complete p.r. installa- 
tion has also been developed. 
This comprises a D.F. receiver 
and two pairs or dipole aerials 
with calibrated rotating me- 
chanism. It may be tuned im- 
mediately and automatically to 





Above : Chassis of the airborne trans- 

mitter/receiver unit. Note the size in 

comparison with the headphone ear- 
piece 





Left: Main assembly rack of the aero- 
rome installation 


either of two frequencies for 
homing aid and to give a 
precise null indication of an 
incoming signal. The entire 
equipment was developed in 
five months from its incep- 
tion, a notable achievement. 
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NOTES FROM THE INDUSTRY 


Permanent Export Showrooms in 
London 


Buyers from abroad now have at 
their disposal a combined club and 
office in the West End of London, 
multi-lingual secretaries being among 
its many amenities. 

With the approval of the Board of 
Trade, International Business Services, 
Ltd., have recently opened up premises 
at 14 Arlington Street, Piccadilly, pro- 
viding showrooms for British firms 
engaged in the export trade. The 
particular appeal to provincial manu- 
facturers is that they are provided with 
a London address and their products 
are placed in front of overseas business 
men here on flying visits. 


A New Hand Torch 


Messrs. Edwards and Co., Ltd., have 
been appointed sole U.K. export agents 
for the ‘“‘ Flamemaster ”’ hand torch 
manufactured by Messrs, Chance Bros. 
Full details of this torch and the 
Edwards compressor unit (Type IV), 
which has been specially designed for 
operating burners of this type, can be 
obtained from Messrs. Edwards and 
Co., Kangley Bridge Road, S.E.26. 


New Rider Book 


“High Frequency Measuring Tech- 
niques using Transmission Lines ”’ is a 
64 page book of 8} by 11 in, pages illus- 
trated with photographs, charts and 
tables. Its price is $1.50 and is avail- 
able from the publisher, John F. Rider 
Publisher, Inc., 404, Fourth Avenue, 
New York 16, N.Y. 


Mr. D. F. Harrison 


Mullard Electronic Products, Ltd., 
announce with deep regret the death 
at the age of 49 of one of their joint 
general managers, Mr. D. F. Harrison, 
who died on June 8, 1948. ; 

Mr. Harrison had served with the 
Mullard company, in various capacities, 
for 21 years. He had been under 
medical attention for 12 months prior 
to the illness which caused his death, 
and he leaves a wife and daughter to 
whom his many friends in the trade 
extend their sympathy. 


Bran’s ‘‘ Radio Valve Vade-Mecum ” 


In last month’s issue it should have 
been stated that Universal Services are 
the agents for the 1948 issue. The 
Modern Book Co. are still the agents 
for the 1946 edition. 


Stratton Price Reduction 


Model “‘ 640 ”’ receiver is now free of 
purchase tax and due to improved line 
production it has been possible for its 
list price to be reduced to £89 10s. as 
from February 5. 


Radio Trades Examination Board 
Television Servicing Examination 


Preliminary 
syllabus of the television servicing 
examination of the Board can _ be 
obtained from the offices at 9 Bedford 
Square, W.C.1. Further information 
with a list of colleges and_ schools 
offering training for the Radio and 
Television Servicing Examinations will 
be issued in September. 


Training of Telecommunication 
Engineers 


Starting next September at Norwood 
Technical College, the L.C.C. is to 
provide a new course to train young 
men for careers in electronics and tele- 
communications engineering. It is 
being arranged with the full support of 
the radio industry, and, during the two 
years of the course, the students will 
have at least six weeks’ practical ex- 
perience with one or more firms pro- 
ducing telecommunications equipment. 

Further information can be had from 
the Principal, Norwood Technical 
College, Knights Hill. S.E.27 (tele- 
phone GIPsy Hill 2268). 


Instructional Courses in Servo 
Mechanisms 


Sponsored by a Ministry of Supply 
Technical Committee, a series of lec- 
tures on the principles and application 
of servo mechanisms will be given at 
various training institutions through- 
out the country. The majority of the 
applications can be understood by 
students of second or third year stan- 
dard. 

So far, courses have been scheduled 
at: Heriot Watt College, Edinburgh, 
Central Technical College, Birming- 
ham (July 5-9); Northampton Poly- 
technic, London (July 12-16); King’s 
College, Newcastle (September 1-3). 
Further particulars can be obtained 
from these establishments. 


Publications Received 


Brimar Valve Manual. 

Includes diagrams of several ampli- 
fiers and selections of formulae used in 
radio engineering. Price 2s. 


Sen Ter Cel Bulletin SRT.6 Issue 2. 
On single-phase §medium-current 
rectifiers. Both publications available 


from : 
Standard Telephones and Cables, Ltd., 
Footscray, Sidcup, Kent. 


M. Watts, 88 Chapel Avenue, Addle- 
stone, Surrey.—Retail and Trade lists 
of available radio components and test 
equipment. 


Baker Research Laboratories, Ltd.. 
9 Mary Street, London, E.16.—Publica- 
tion No. SJB/SRG/C.18a/4248 on 
‘The Applications of Colloidal Gra- 
phite Dispersions ’”’ by I. C. P, Smith, 
B.Sc., F.R.I.C. 


information and_ the - 


Aerialite Ltd. 


Messrs. Aerialite, Ltd., of Castle 
Works, Stalybridge, Cheshire, have 
taken over the business of Victor H. 
Iddon, Ltd., Wythenshawe, Man- 
chester, manufacturers of ‘* Nettle ”’ 
switches, lampholders and _ electrical 
accessories. 


A. H. Hunt, Ltd. 


Mr. Cecil Whiley, of 54-60 Whitfield 
Street, London, W.1, has been ap- 
pointed a director of the company. 


Audix Changes of Address 


Audix B.B., Ltd., announce that 
their new factory at Hockerill Works, 
Bishops Stortford, Herts., is now 
operating. All correspondence should 
be sent to this address until the 
London sales office is opened. 


Murphy Radio, Ltd. 


As a_ step in the expansion of 
Murphy Radio, Ltd., the present com- 
pany will go into voluntary liquidation, 
and the whole of the obligations and 
assets will be transferred to a new 
company of exactly the same name, 
but with an authorised capital of 
£800,000. The goodwill and personnel 
of the company are unchanged. 


Clix Radio Components 


As from April 1, 1948, the sales of 
Clix radio and television components 
manufactured and hitherto marketed 
by British Mechanical Productions, 
Ltd., are being handled by the General 
Accessories Co., Ltd., of 21 Bruton 
Street, London, W.1, which is the 
wholly owned subsidiary of British 
Mechanical Productions, Ltd., and is 
their selling organisation through whom 
all Clix products, in future, will be 
marketed. 


Bulgin Catalogue 


Under ‘‘ Publications Received,’’ 
mention was made last month of the 
Bulgin catalogue (List 176) which was 
stated to be available at 6d. Messrs. 
Bulgin have asked us to state that 
these catalogues are at present re- 
stricted to the radio trade, owing to 
the limited supply. A catalogue for 
the individual user of Bulgin products 
is in preparation and names and 
addresses of applicants are being filed 
for future notification. Apologies to 
readers who have been misled by the 
original notice. 


Cambridge Electrical Components 

‘Cambridge Electrical Components, 
Ltd. (CELCO), of 21a Union Lane, 
Cambridge, have taken up the manu- 
facture of high stability carbon resis- 
tors (Grade 1). A range from 102 to 
10 M2 is available in five wattage 
ratings: 34, 3, 3, 1 and 2 W, with 
standard tolerances of 1, 2 and 5 per 
cent. 
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Appointment of Scientific Advisory 
Committee 

The B.B.C. has appointed a Scientific 
Advisory Committee whose terms of 
reference will be: ‘To advise on the 
British Broadcasting . Corporation’s 
scientific research and its corrzlation 
with external activities in the same 
field.’ 

The following have accepted invita- 
tions to serve on the committee :— 
Chairman: Sir Edward Appleton, 
G.B.E., K.C.B., F.R.S., Secretary, 
Department of Scientific and Industrial 
Research. Vice-chairman: Sir John 
Cockcroft, C.B.E., F.R.S., Director, 
Atomic Energy Research Establishment. 
Other members: Dr. H Booker, 
Christ’s College, Cambridge; Professor 
Willis Jackson, Imperial College of 
Science and Technology; Dr. it 
Smith-Rose, Department of Scientific 
and Industrial Research, and Professor 
F. C. Williams, O.B.E., Electro-Tech- 
nical Laboratory, Manchester Univer- 
sity. 


The Electron in Theory and Practice 

Sir Edward Appleton, Secretary of 
the Department of Scientific and In- 
dustrial Research, delivered the Second 
Dunn Memorial Lecture to the Society 
of the Chemical Industry in Newcastle 
on June 1, 1948, on ‘‘ The Electron in 
Theory and Practice.”’ 

**In conjunction with the Ministry of 
Supply and a number of Research 
Associations we in D.S.1.R:’” Sir 
Edward Appleton said, “‘ have recently 
been paying a good deal of attention 
to possible industrial applications of 
electronics. We have formed an 
Advisory Panel under the chairmanship 
of Sir Charles Darwin, Director of the 
National Physical Laboratory, which 
aims at bringing together the research 
worker, the supplier and the user, and, 
in addition, groups have been formed 
at T.R.E. and the National Physical 
Laboratory to examine industrial prob- 
lems at first hand with a view to sug- 
gesting how electronic equipment could 
be employed in their solution. These 
acticities, in the long run, should help 
to step up the volume of production, 
improve quality and release men and 
women now engaged in routine opera- 
tions for tasks usually more congenial 
and calling for a greater exercise of 
human intelligence.”’ 


The Use of Radar at Sea 

A recent meeting of the International 
Conference on Safety of Life at Sea 
approved a new agreement to replace 
the International Convention of 1929. 

It was recommended that Govern- 
ments should regularly exchange infor- 
mation on ‘radio and radar aids to 
navigation and should encourage the 
use of radar installations on ships. 

The report on radio telegraphy and 
telephony approved the fitting of radio 
telegraph installations on all passenger 
ships, irrespective of size, and all cargo 
ships over 1,600 tons, unless specially 
exempted. 
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Demagnetising Valves 
As a Cure for Residual Ripple 


Srr,— During the last few years we 
have heen developing methods of 
heating with raw a.c. the input 
stages of high-gain balanced low- 
frequency amplifiers for biological 
purposes. In previous communica- 
tions (ELECTRONIC ENGINEERING 19, 
221: 1947, 19, 81, 1947) it was 
pointed out that the ‘‘electrostatic”’ 
component of the ripple from a.c. 
heaters can be reduced by (a) using 
a screened heater winding; (b) 
lowering the voltage of the supply 
to, say, 3.5 to 4V for 6-volt valves: 
(c) biasing the heater circuit 
through a ‘‘ humdinger.’’ The 
‘* magnetic’? component can _ simi- 
larly be reduced by lowering the 
heater current to below a critical 
value. 


When, in spite of these precau- 
tions, residual ripple is troublesome, 
this is usually due to the magnetic 
component, which cannot of course 
be balanced out with the hum- 
dingers, and is worse when the input 
grid impedance is low. There is great 
variation between individual valves 
in this respect and careful selection 
has been necessary; when using a 
type of valve which is satisfactory 
in other ways (e.g., EF. 37), up to 
50 per cent. have been found into- 
lerable because of magnetic heater 
ripple. Until recently we have had 
no explanation of the great variation 
between individual valves, though 
we noticed that there was also con- 
siderable variation between batches 
obtained from different sources and 
with different histories. 


In the course of setting up some 
hundreds of these amplifiers the 
problem of selecting input valves 
became so acute that we were forced 
to look for the source of the trouble. 
Now some years ago, we noticed that 
this residual ripple could often be 
eliminated by placing a small per- 
manent magnet a few inches from 
the input valves in an empirically 
determined position and orientation. 
This solution, though satisfactory 
for a single channel, did not com- 
mend itself for multi-channel instru- 
ments; moreover, we were unable to 
decide why the effect should be 
produced. 


Continuing on these lines, how- 
ever, we found that if the magnet 
was brought very close to the valve 
and then removed, the ripple inva- 


riably became worse and remained 
so, the conclusion being that mag- 
netisation of the valve electrodes 
had a deleterious effect. We ac- 
cordingly tried de-magnetising unsa- 
tisfaetory valves in a decreasing 
AC field, and found that even the 
worst offenders could be ‘ cured ”’ 
in this way, whether they had pre- 
viously been deliberately magnetised 
or not. 


As a further check we have inves- 
tigated the magnetic properties of 
** good ”’ and ‘‘ bad ”’ specimens and 
tind that ‘‘ good ”’ valves induce no 
current whatever when moved in 
and out of a coil, whereas ‘‘ bad ”’ 
ones generate considerable currents, 
in proportion to the amount of mag- 
netic ripple which they produce as 
input amplifiers. 


As a result of the de-magnetisa- 
tion procedure the proportion of 
ripple rejects has been reduced to 
zero, so that selection need now be 
made only on the basis of micro- 
phony and “ noise.’’ It is to be 
expected that during manufacture 
and storage of valves, they would 
have ample opportunity to become 
magnetised either in the earth’s field 
or from ferrous materials. 


We should be very grateful to 
have a rigorous explanation of this 
effect and references to it in the 
literature, of which. we have so far 
discovered none.—Yours faithfully, 

W. Grey Watter, D.Sc. 
H. W. Suipron, Assoc. Brit.I.R.E. 


W. J. WarREN. 
Burden Neurological Institute. 
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Electronic Equipment 


A monthly record of British electronic apparatus, components, and accessories, compiled from information 


supplied by the manufacturers. 


exhibition, and a further selection will appear next month. 


Many of the items were shown for the first time at the recent industrial 
Enquiries should be sent to the manufacturers 


at the addresses given, and it would be appreciated if this journal were mentioned as the source of information 
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Electrical Treatment Unit 

bhi unit has been designed to provide 
all the types of current required for 

physio-therapy and massage, and is also 

capable of being adapted to other forms of 

electrical treatment. 

The currents available are: Sinusoidal 
50 c/s. A.C. from 0-80 Vpx ; continuous 
current variable up to 100 mA. and inter- 
rupted unidirectional pulses of 100 mS. 
and 10 mS. ; square-shaped sharp pulses 
of | mS. and 0.1 mS. All the currents 
can be ‘‘ surged ’’ or interrupted. 

Dimensions : 174 in. long, I1 in. deep, 
123 in. high. White enamel finish. Mains 
operated from 90-240 V. 

Multitone Electric Co., Ltd., 

223-227, St. John Street, Clerkenwell, E.C.1. 


Laboratory Frequency Standard 
A PORTABLE frequency standard em- 
bodying a quartz crystal oscillator 
operating at | Mc/s., accurate to within 
50 parts per million. A series of multi- 
vibrator circuits is energised from this 
crystal, giving frequencies of 100 Kc/s., 
10 Ke/s., and | Kc/s. It is also possible to 
obtain calibration points at harmonics, 
extending to 50 Mc/s. 
An internal modulation circuit is also 
provided. 
Furzehill Laboratories Ltd., 
Boreham Wood, Herts. 


a _ : 
= = 9 ® 
ea HS ° 
* eet ETD 


sae sen on roe 





inant taste” 


Sta \ 
® 


| 


oe wo nani oxen 
an anne em 


‘v 


Correction 
The description of the Elliott Miniature 
Relay in last month’s record was accom- 
panied in error by a photograph of the 
Shipton Polarised Relay. This is shown on 
the next page with its correct information. 


Photoelectric Equipment 


— Electronic Products (1948) Ltd., 

have recently completed development 

of a new range of photoelectric control 
devices designed particularly for flexibility 
of operation. 

The following units comprise the present 
range of standard equipments : 
|. A compact, rugged light source unit 

available with various types of lens 

system and adaptable to many applica- 
tions. 

2. A photocell head unit of tubular drawn 
steel construction with all components 
hermetically sealed internally. This 
unit, which can be provided with photo- 
cells having various characteristics, can 
also house a head amplifier when long 
cable runs make this necessary. 

3. A main unit providing all the necessary 
supplies and housing the control circuits 
required for a specific operation. This 
may be counting, straightforward switch- 
ing, etc., and 4 number of standard 
types are available for common applica- 
tions. 

Pyrotenax cable has been found most 
suitable for interconnection arrangements 
and can be supplied with the equipment if 
desired. 

For many applications, a more simple 
single unit housing both photocell and 
control circuits can be utilised and B.E.P. 
have developed a lower-priced unit for use 
with a standard light source to meet such 
requirements. 

British Electronic Products (1948) Ltd., 
Brereton Road, Rugeley, Staffs, England. 
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Electronic Relay 


THs relay was developed for use with 
light contacts and needs only a few 
microwatts to operate. It is used in 
conjunction with a thyratron, the opening 
of the control contacts causing the thyratron 
to discharge through the heater winding of 
a hot-wire vacuum switch, which closes 
the main load circuit. 

Overall dimensions 64 in. by 64 in. by 
33 in. Weight 74 Ib. Price complete, 
£14 10s. Od. Photograph above. 

Sunvic Controls Ltd., 
10 Essex Street, Strand, W.C.2. 


Industrial Control Valves 


ECC.33.—A medium-impedance double 
triode with separate cathodes. Vy, 6.3, 
ra 9700, gm 3.6 mA/V. 

LSD.3.—Xenon-filled flash tube with a 
maximum energy of discharge of 100 joules. 
Duration of flash 1/5,000 sec. Maximum 
voltage 2,700. 

Mullard Electronic Products Ltd., 


Century House, Shaftesbury Avenue, 
London, W.C.2. 
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Polarised Relay 


“Fre Shipton Relay is a hermetically 
sealed polarised relay with two change- 
over contacts, side stable, and was developed 
in conjunction with the A.S.R.E. The 
sensitivity is .085 mW., and the travel of 
the armature .004 in. Contact pressure 
(unenergised) 7.5 gm. each contact. _ Life, 
5,000 hours at 400 c/s. continuous working. 
Dimensions : 3,3, in. high by 1% in. wide 
by Ij; in. deep. Photograph below. 
E. Shipton & Co., 
Ferndown, Northwood Hills, Mddx. 
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Small Instrument Switches 


A COMPLETE range of patented design 
12-way and 1|8-way ganged switches 
for radio, electronic, or instrument use. 

The switches are one-hole fixing, and 
the overall room occupied behind the 
panel is 1} in. square. 


Ganged switches up to 4 decks are avail- 
able in both 12 and 18-way switches. All 
contact surfaces are heavily silver plated. 

Taylor Electrical Instruments Ltd., 
419/424, Montrose Avenue, Slough, Bucks. 


‘‘ Eddystone ”’ Crystal Calibrator 


HIS instrument has been made as 

compact as possible, so that it can be 
placed on or alongside a receiver without 
taking up much room. 

The circuit uses a miniature valve and 
has been designed to provide high harmonic 
output. The 100 kc/s. harmonics are usable 
up to 30 Mc/s., and the 1,000 kc/s. harmonics 
up to 60 Mc/s. The two separate vacuum 
mounted crystals are ground to a tolerance 
of plus or minus 0.01 per cent., giving ex- 
tremely high accuracy of calibration. 

A miniature mains transformer and 
metal rectifier provide H.T. and L.T. two 
switches are fitted—one for changing from 
100 kc/s. to 1,000 kc/s. harmonics, the 
other to cut off H.T. but leaving the heater 
on so that the unit can be brought into 


immediate operation. 
Stratton & Co., Ltd., 


Eddystone Works, Birmingham, 31. 


Low Frequency Oscillator 


HIS instrument embodies an R-C 
oscillator circuit with a compensating 
resistance to maintain the output sub- 
stantially constant at all frequencies. The 
range is 25 to 100,000 c/s. in four ranges : 
25-250 ; 100-1,000 ; 1,000-10,000 ; 10 Ke/s.- 
100 Ke/s. with individually calibrated scales. 
Output impedances are 6,000 or 600 ohms, 
and the output is adjustable to a maximum 
of 25 V at 6,000 ohms and 1.0 V at 600 ohms. 
Output voltmeter is provided, and the 
total harmonic content does not exceed 
| per cent. at maximum output. 
Dimensions : 15} in. by 10 in. by 74 in. 
deep. Finish: Blue crackle. Weight : 
17 Ib. Price: £45 net., F.O.B. for export 
Pye Radio Ltd., 
Cambridge. 
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At last! A really author- 
itative guide to the subject 


ELECTRONICS 


By F. G. Spreadbury, A.M.Inst.B.E., 
Lecturer in Physics and Mathematics at 
the Working Men’s College, London 


This is the most up-to-date, com- 
prehensive and reliable guide yet 
published to electronic theory and 
its applications. It is invaluable to 
all workers in this field, including 
radio and electrical engineers and 
technicians, and all students of 
modern physics. 

700 pages. _ Illustrated. 


PITMAN 


Parker Street, Kingsway, London, W.C.2 


55/- net. 














THESE ARE IN STOCK—— 








VACUUM TUBES, by Karl R. Spangenberg. 


5s. <a 

A MODERN HOME - BUILT TELE- 
— by ‘Electronic Engineering.’ 
s. 6d. 


ELECTRON AND NUCLEAR COUN- 
TERS, by S. A. Korff. 18s. 


VELOCITY - MODULATED THERMI- 
ONIC TUBES, by A. H. W. Beck. 15s. 


“VERY - HIGH FREQUENCY TECH- 
NIQUES, vols. | and 2, by Radio Research 
Laboratory. £4 4s. set. 


THE MATHEMATICS OF WIRELESS, 
by Ralph Stranger. 7s. 6d. 


CLASSIFIED RADIO ge a > 
DIAGRAMS, by E. M. Squire. 10s. 


FREQUENCY MODULATION ENGIN- 
EERING, by C. E. Tibbs. 28s. 


THE CATHODE RAY OSCILLOGRAPH 
IN INDUSTRY, by W. Wilson. 18s. 


oe ee ENGINEERING, by Donald G. 
in 42s 


THE CATHODE - RAY TUBE HAND- 
BOOK, by S. K. Lewer. 6s. 


TELEVISION RECEIVING EQUIP- 
MENT, by W. T. Cocking. 12s. 6d. 
(Postage extra) 
We have the finest selection of British and 
American radio books. Complete list on 
application 


THE MODERN BOOK COMPANY 


(Dept. E.6) 
19-23, Praed Street, LONDON, W.2. 




















Electronic Engineering 


Electronic Circuits and Tubes 


Staff of the Cruft Laboratory, Harvard 
University. 933 pp. Numerous figs. in 
text. (McGraw-Hill Co. 45s. net). 


HE authors of this volume _ were 

engaged in the pre-radar training of 
U.S. Army and Navy officers, and it is 
a carefully edited collection of their 
lecture notes for the course. In the 
foreword Prof. Chaffee states that the 
treatment is suitable for juniors or 
seniors of colleges and engineering 


schools specialising in the study of 
communications engineering or elec- 
tronics, and a knowledge of mathe- 


matics through (sic) calculus, and of 
electricity and magnetism, is assumed. 


The general tone of the book might 
be described as business-like and con- 
cise. Very few words are wasted, and 
most of the important basic material 
is presented in a way which requires 
the utmost concentration from the 
reader. 


This is not necessarily a criticism, 
but an acknowledgment of the immense 
difficulties under which a teaching staff 
work when they have to compress the 
contents of a course normally lasting 
several months into a few weeks. The 
same difficulty was experienced in this 
country in the intensive training of 
radar operators, and the trouble only 
arose later when the student found that 
rapid absorption of information in 
tabloid form was not an adequate sub- 
stitute for the more leisurely process 
of digestion. 

If, therefore, the words “ lecture 
notes ’’ are kept in mind, the use and 
scope of the book will be given proper 
perspective. After introductory alter- 
nating current theory, the details of 
circuit elements and circuit response 
are given, with notes on measure- 


ment. Then follows networks and im- 
pedance matching. transients and 
coupled circuits, filters and Fourier 


analysis to complete the circuit theory. 

The next portion (Chapter 10 on- 
wards) deals with thermionics, valves, 
the C.R. tube, and the use of electron 
tubes in circuits. Signal analysis 
(Chapter 18) introduces pulse theory, 
and then the application of the pulse— 
modulation — reception — and finally, 
timing circuits. 

From this brief catalogue it will be 
seen that the book covers the widest 
possible field, The longest chapter, 
that on Radio Receivers, occupies only 
40 pages, and is typical of the feats of 
compression which have been performed 
by all the authors. The corresponding 
feat of expansion on the part of the 
reader can be done by reference to the 
other well-known McGraw-Hill books 
of which Prof. Chaffee’s own is an 
example, 

It is a pity that the mathematical 
viewpoint should predominate through- 
out, though this is no doubt due to it 
being easier to express a statement in 
mathematical form, and less space- 
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occupying. For example, the common 
applications of the cathode-ray tube 
are classified as :— 


1. Plotting ey v. ex 

2. Plotting iy v. ex, or vice versa 
3. Plotting ey v. tx, or ty v. tx 

4. Plotting ey v. fx, or iy v. fr 


and so on, which must be unique in 
its dry statement of the possibilities 
of a beautiful instrument. 

A chapter which the reviewer enjoyed 
most was that on Timing Circuits, 
possibly because it was more descrip- 
tive and less mathematical. This gives 
an excellent and comprehensive review 
of oscillators, time base circuits, and 
the later special forms of circuitry 
adapted for radar work. The appen- 
dices at the end of the book fill up 
some gaps by giving a summary of 
mathematical theory and _ electricity 
and magnetism. The symbols and 
abbreviations used throughout, which 
are explained in an appendix, are 
logical and good. It is to be hoped, 
however, that the attention of Ameri- 
can authors will be drawn to the 
recent list of symbols for radio valve 
parameters issued by the B.S.I., as 
these seem more reasonable than some 
of the more unusual subscripts used in 
American texts. 

As the basis of an extended course on 
electronics .this book serves a_ useful 
purpose, and with its companion 
volume ‘‘ Transmission Lines, Anten- 
nas, and Wave Guides ’’ should form a 
valuable reference for lecturers in 
radio generally, - 

G. Parr 


Science at War 
(H.M. Stationery Office, 2s. 6d. net.) 


This is a popular book issued by 
H.M. Stationery Office to show how the 
armed forces were helped by science. 


The bulk of the information covers 
four aspects of research: Radar, 
Operational Research, the Atomic 


Bomb, and Science and the Sea, 

The presentation of scientific facts in 
a manner comprehensible to the lay 
mind is not easy, yet in “ Science in 
War” the authors have made_ the 
subjects clear to the reader with little 
technical knowledge. This has been 
done by the method employed. First 
the problem in each case is stated both 
from the national point of view and that 
of the fighting men. After this the 
method by which the scientists attacked 
the problem and the results they 
achieved are described in simple lan- 
guage, well supported by photographs 
and drawings. The book can be 
thoroughly recommended. 
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REVIEWS 


Electrical Materials 
By E. Molloy, George Newnes., III pp. 5s. 
net. 
HIS is a reference book in which 
information is given on the com- 

position, properties and applications of 
conducting, insulating and magnetic 
materials as used in the electrical 
industry. The first three chapters deal 
with the conductors and contain some 
useful data of electrical and mechani- 
cal properties and indicate the fields 
of application of the various materials. 

The chapter on ferrous metals is not 
so informative and would be improved 
by the addition of magnetisation curves 
for the materials met with in the con- 
struction of machines and transformers. 

The chapter devoted to insulating 
materials occupies half the space in the 
book and the information includes some 
physical and chemical properties. The 
uses and applications of oils, waxes, 
resins, varnishes and enamels are given 
in considerable detail as also the the 
solid insulating materials and cover- 
ings for wires. 

The book concludes with a summary 
of British Standard _ specifications 
relating to electrical materials. 


H. D. 


Understanding Vectors and 
Phase 


J. F. Rider and S. D. Uslan. 
Publisher, Inc. 153 pp. + V. 
cents.) 


Wwe: are told by the publishers and 
by the authors in their introduc- 
tion that this book was written for the 
man lacking technical or engineering 
training such as the radio serviceman, 
the radio amateur or the radio tech- 
nician. The chapters include single and 
multiple vector representation; resolu- 
tion of ;vectors; addition, subtraction 
multiplication and division of vectors, 
with a ‘final chapter on some radio 
circuit problems. 

There is no attempt to employ any 
algebra or trigonometry and geometry 
is confined to the statement of the 
theorem of Pythagoras; the book is 
solely concerned with the representa- 
tion of voltages and currents and their 
phase relationships by means of ve<tors. 
The diagrams are well set out and the 
accompanying text gives clear explana- 
tions so that the reader obtains a good 
visual picture of what is happening in 
a circuit in a qualitative sense. Sooner 
or later, however, the radio serviceman 
or technician will surely want a quan- 
titative result and then how much 
more laborious his work becomes with- 
out a knowledge of some simple algebra 
and trigonometry ! 

W. H. Dare 


(John F. Rider, 
Price 99 
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Elements of Radio Servicing 
(Trade Edition) 


William Marcus and Alex Levy. (McGraw- 
Hill Book Co. Inc. 475 pp. Price $4.50.) 
HE British service engineer 


who is essentially practical and 
mechanical in his outlook and _ has, 
perhaps, obtained his present know- 
ledge from receiver servicing and 
bitter experience rather than from 
theoretical study, will find this book 
a useful companion. Many difficult 
problems confronting the authors of 
such a work have been very neatly 
side-stepped by ignoring the details of 
any particular receiver current in 
America, and basing the entire treat- 
ment of the subject on a typical or 


standard circuit “ five plus one ”’ super- 
heterodyne. : 
The reader is conducted step-by- 


step from the power supply unit to 
the aerial, and is given at each stag¢ 


a very thorough and, sometimes, 
repetitive summary of the more 
probable causes of failure. The system 


of substitution of a known good com- 
ponent for the suspected faulty one is 
relied upon to a very great extent. 
This is, of course, common sense and 
in the hands of a mechanic with a flair 
for ‘‘ trouble-shooting’ can _ yield 
results in the minimum time, 

Now ‘‘ time ”’ is the most expensive 
item in a_serviceman’s bill to his 
customer but, in fact, rarely appears 
as such on his invoice. This is because 
by bitter experience the serviceman 
has discovered that the one thing to 
which a customer objects is paying him 
for his experience and knowledge in 
tracing the fault which is ‘ time. 
The customer seems to be quite happy 
if the item appears in another guise— 
valve, choke, transformer or what you 
will. A most regrettable fact, en- 
couraging questionable tendencies but 
justifiable under the circumstances. 

In addition to the wholly practical 
and commonsense approach to the prob- 
lems, there is a very well selected 
range of apt questions at the end of 
several chapters to which, most un- 
fortunately, no corresponding answers 
are given. The next edition would be 
greatly improved by this addition. 

The fact that it is written entirely 
around American receivers does not in 
any way detract from its usefulness 
to the British service-mechanic. The 
entire omission of television receivers 
from the book indicates that the authors 
felt that it was too big a subject for 
satisfactory treatment in a few chap- 
ters. Nevertheless, it is a pity because 
with the growth of numbers of tele- 
vision sets in Great Britain, the 
serviceman here would welcome a text- 
book on this subject on the lines of 
the one under review. 

If there are any misprints, they are 
not apparent at first reading, and the 
use of American terminology is not at 
all obvious except in the use of the 
term ‘‘ gimmick coil.”’ 


C. C. McCattum 
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ELECTRONIC LITERATURE 


THERMIONIC DEVICES 





Measurement of the Ionisation and 
Deionisation Times of Thyratron Tubes 
(M. Birnbaum) 


Results of investigation into the 
ionisation and deionisation times of 
several thyratron valves are presented. 
To measure the ionisation time, a 
rectangular pulse with rise time of less 
than 0.01 microsec. was used together 
with a synchroscope. The deionisation- 
time characteristic was obtained by 
bringing the thyratron into conduction, 
maintaining the anode potential steady 
at a value below that of the cathode, 
and measuring the maximum voltage 
that may be suddenly applied without 
causing re-ignition. Valve types tested 
include the 2C4, 884, 6D4, 3C45, 2D21, 
and 2050. 

—A.I.E.E. Tech. Paper No. 48-88, 

December, 1947, p. 13.* 


Secondary Emission—! 
(L. R. Koller) 


In this, the first article of a series, 
a brief description of the phenomenon 
of secondary electron emission is given. 
Its measurement in triodes and that of 
primary and secondary emission in an 
electron-gun valve are described. The 
effects of electron potential, surface 
contamination, angle of incidence and 
use of differing metals, semi-conduc- 
tors, compounds and alloys under 
bombardment by electrons are studied. 
Yields for several compounds are 
tabulated. 

—Gen. Elec. Rev., April, 1948, p.38.* 


Some Photoelectric Thresholds for 
Geiger-Muller Counters with 
Evaporated Cathodes 
(C. A. Ramm) 


Measurements with several cathode 
metals have been made in order to 
determine the influence of the latter 
on the photo-electric thresholds of 
Geiger-Muller counters prepared in a 
manner similar to that described by 
De Vos and Du Toit. Gold is shown 
to have desirable properties for counters 
with evaporated cathodes. Preparation 
of the counters and methods of loading 
the anode wire are described. 


—J. Sci. Inst., December, 1947, 
p.820.* 
A New Experimental Electron 
Microscope 


(G. Liebmann) 


An experimental universal electron 
— of high magnification is 
described, which deviates in many ways 
from known types. The instrument, 
intended as a_ self-contained desk 
model, employs four permanently 
aligned magnetic lenses and optical 
magnification. A new type of speci- 
men stage, permitting a quick exchange 


of specimen, wide-angle stereoscopic 
observation and direct calibration of 
specimen position and an _ im- 
proved electron gun are used. The 
camera head is exchangeable. The 
instrument can be quickly adapted for 
electron diffraction observations. Pos- 
sibilities of further development are 
discussed. 
—Jour. Sci. Inst., February, 1948, 
p. 87.* 


INDUSTRY 


New Electronic Equipment for the 
Rubber Industry 
(B. J. Dalton) 


Descriptions are given of the appli- 
cation of electronic contro] to various 
aspects of the rubber industry, for 
example, to the weighing of rubber 
as it is extruded, to controlling the 
speed of extrusion, to giving a_ speed 
range of 10 to 1 with motors driving 
conveyers, and to the co-ordinating of 
calender trains for the rubber coating 
of fabric. Electronic circuits are also 
used to give accurate speed accelera- 
tion, current limiting and emergency 
stopping of calender motors, and ten- 
sion control. 

—Elec. Eng., February, 1948, p. 119.* 


Minimum-Cost Chokes 
(T. H. Oddie and J. L. Salpeter) 


A design method is developed for 
chokes carrying A.c. only to enable the 
most economical dimensions to be 
found for any given electrical charac- 
teristics. ormulae and tables are 
given for rectangular types of chokes 
with and without limitations on the 
stacking height. It is also shown 
briefly how the method may be applied 
to chokes carrying D.c. with super- 
imposed A.C. 

—Philips Res. Rep. 2, August, 1947, 

p. 281. 





TELEVISION 
Interlocked Scanning for Network 
Television 


(J. R. De Baun) 


The benefits of operating the scan- 
ning systems of two or more indepen- 
dent television broadcasting plants in 
locked coincidence are discussed. The 
problem of producing locked coincidence 
is explored, and methods of achieving 
the desired results are indicated. Some 
of the possible benefits of using stable 
(high inertia) frequency sources for 
scanning systems are noted. 

—RCA Review, December, 1947, p.651. 





* Abstracts supplied by the courtesy of Metropolitan- 
Vickers Electrical Co. Ltd. Trafford Park, Manchester 





Technical Aspects of Television Studio 
Operation 
(R. W. Clark and H. C. Gronberg) 


This article describes the operating 
procedures employed in a television 
studio for the presentation of a live 
talent programme. It is divided into 
two parts, one covering the operation 
of the technical equipment and the 
other describing the improvements that 
have been incorporated in the equip- 
ment as a result of operating experi- 
ence. This latter section includes 
discussion of camera dollies, lighting, 
microphones, microphone boom, icono- 
scope cameras, dialogue equalisation, 
audio perspective, transcription turn- 
tables, communication and cue systems, 
and the control room. 

—RCA Review, December, 

p.179. 


MEASUREMENT 


1947, 





A Mobile Laboratory for Acoustical 
Work 


(W. C. Copeland) 


The paper describes a mobile labora- 
tory, mounted on a 5-ton lorry chassis, 
of dimensions adequate to give com- 
fortable working space, fitted and 
equipped to enable comprehensive 
measurements to be taken in the field. 
The interior layout and the type of 
apparatus installed is described in 
detail, and in particular the descrip- 
tion of the methods adopted for obtain- 
ing mains supplies for the apparatus, 
the mounting of apparatus to mini- 
mise damage by vibration, and the 
provisions made for carrying long 
cables may be helpful to workers in 
other subjects who may wish to con- 
struct or have constructed, a mobile 
laboratory. 

—Jour. Sci. Inst., March, 1948, p. 82. 


A Direct-Reading Frequency Meter 
for the Audio and Supersonic Ranges 
(H. J. Reich and R. L. Ungvary) 


This paper describes an electronic 
frequency meter capable of operating 
in the range from 20 c/s. to 200 Kce/s. 
The reading of the instrument is 
independent of the waveform as long 
as the input wave does not cross the 
zero axis more than twice in its funda- 
mental period. For sinusoidal input, 
the voltage required for reliable opera- 
tion is less than 0.08 V r.m.s. between 
the frequencies of 900 c/s. and 200 
Ke/s. the sensitivity in the range 
below 900 c/s. can be readily increased 
by minor changes in amplifier coupling 
networks. Over a six-month period the 
experimental model has shown no 
change of calibration. 

—Rev. Sci. Inst., 

p. 43.* 
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erating 33: In the new Marconi SIGNAL GENERATOR, 
Abe 10 33: TF 867, measurement facilities are on a generous 
a tate 23: scale — including the frequency scale itself! In this 
eration see one instrument such features are incorporated as 
nd the 33: crystal standardisation, freedom from unwanted 
its that 33: frequency modulation, deep amplitude or carrier shift 
wen. te: modulation and stabilised output level. Range is 
ncludes tes 15 kc/s to 30 Mc/s, and output variable from 4v to 
ghting, 233 0.4V ; calibration indicates true artificial signal e.m.f. 
, Weono- ees irrespective of Joad. 
4 + An integral terminating unit offers source impedances 
ystems, tes of 752 or 139 and provides a dummy aerial ; it also 
te shows, on an animated diagram, the exact conditions 
1947, Ses of circuit. In all, and judged by any standard, Type 
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guviestoni: Pall pitienlare ae Dey svat MARCONI INSTRUMENTS LTD 


ST. ALBANS, HERTS. Phone: ST. ALBANS 6161/5 


Northern Office : 30 ALBION STREET, HULL. Phone : Hull 16144 © Western Office : 10 PORTVIEW ROAD, AVONMOUTH. Phone : Avonmouth 438 
Southern Office and Showrooms : 109 EATON SQUARE, LONDON, S.W.1. Phone : Sloane 8615 
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"The use of modern 





high-energy magnetic 


materials in these instruments gives an 
exceptionally high torque/weight ratio; 
and mechanical simplification 


greater reliability, longer life. 
particulars of range on request. 


gives 
Full 


BALDWIN INSTRUMENT CO., LTD., BROOKLANDS WORKS, 
DARTFORD, KENT. 


Telephone: DARTFORD 2989 
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STROBOFLASH. Standard model 
from our range of Stroboscopes for 
measuring speed and for observing 
rotating and oscillating machinery in 
slow motion. Features : Direct reading 
over range of 600-14,400 r.p.m., and 
extending to 100,000 r.p.m. Sharp 
images at all speeds within range. No 
contact required with mechanism under 
measurement. Mains operated. Port- 
able and convenient to use. 

PISTOL-GRIP LAMP UNIT. For use 
with Stroboflash in inaccessible locations. 





For full technical data write: DAWE INSTRUMENTS LTD., 
130 UXBRIDGE ROAD., HANWELL, LONDON, W. 7. Phone: EALING 6215 


—thereby enabling high-speed rotating and oscillating mechanism to be 
viewed as if stationary or in slow motion. 





STROBOFLOOD. An accessory unit 
for the Stroboflash, which provides a 
greater light output for photographic 
work or for flood-lighting a large area. 
Maximum flashing rate 10,000 per 
minute. 

CONTACTOR UNIT. Permits the 
Stroboflash to be driven in exact 
synchronism with a spindle of the 
machine to be viewed. The contactor 
is fitted with a phasing device enabling 
the watched part to be held in any 
desired position. 
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PAINTON 


Electron Engineering 


Here is a miniature potentiometer that handles a 
big job in a big way The egg may seem irrele- 
vant, but it does show the relative sizes of these 
instruments, and anyway we are pleased to say 
that supplies of this product are considerably 
easier to obtain than eggs. 

Built to a precision standard this potentiometer 
embodies the skill and craftsmanship which has 
established the complete Painton range. 

The unit illustrated is the type CV2 potentiometer 
Continuously variable wirewound 
Dissipation, 2 watts 

Resistance values, 25 - 5000 ohms. 

Single hole fixing 


Available alternatively for Preset or Knob 
control. 


LTD + KINGSTHORPE + NORTHAMPTON 

















WIDE BAND AMPLIFIERS 


Although our Type 84Y Amplifier has a performance 
quite adequate for the vast majority of investigations, 
we have had many requests for ‘* something rather 
better,” particularly for pulse shape examination, and 
to satisfy this demand we have recently developed our 


TYPE 300 SERIES AMPLIFIERS 


This series constitutes a substantial advance on the 

equipment normally available in portable form. The 

output stage consists of four of the latest Mullard 

E.F.55 Television output pentodes, taking a total 

H.T. current of 180 mA. with a mutual conductance 
of 12.0 mA/V. 


THE TYPE 300 IS AVAILABLE IN THREE FORMS; 


Type 300 H.F. - Compensated for flattest response. 
Type 300 H.R. - Compensated for critical damping. 
Type 300 - -  Uncompensated. 
For an output of approximately 50 volts R.M.S., typical response 
is level from 5 cycles to 1.5 Mc/s. ; 6 db. down at 5 Mics. with a 
gain of 25 and at 3 Mc/s. with a gain of 600. 


Lydiate Ash 
LABORATORIES 
LYDIATE ASH - NEAR BROMSGROVE - WORCS 
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THE B.A.R OPERATIONAL RANGE OF VACUUM GAUGES 


wt THE B.A.R. THERMOCOUPLE-IONISATION GAUGE CONTROL. 
The newly developed Thermocouple-lonisation Gauge Control, 
complete with Thermocouple and lonisation Gauges, covers the 
pressure range from 2x 10-7 mm. to | mm. Hg. Operation is 
dependable and simple. Ranges are 10-°—!| mm. and 0—5, . 
O0O—1!.0, O—0.1, O—0.0! microns. The unit is removable from its 
cabinet for incorporation in a central panel. 





THE B.A.R. ALPHATRON is an ionisation-type vacuum gauge using eer 
the ionising power of alpha particles from a radium source, to 
measure total pressure of any gas, vapour or mixed atmosphere from 
| micron to 10 mm. Hg with instantaneous linear response. The 
B.A.R. Alphatron is quickly available from batches now in production. 





wt THE B.A.R. THERMOCOUPLE GAUGE CONTROL is a light, 
portable instrument that may be carried to any part of a plant or 
system for vacuum testing. It is compact, rugged and built 
throughout to withstand hard industrial use. 
This unit gives pressure indications over a continuous range from 
| to 1,000 microns Hg. These pressures are read directly on the 
microammeter which is calibrated both in microns and micro- 
amperes. By means of increased filament current and special 
calibration, the unit will indicate pressures up to 2 mm. Hg. The 
gauge is undamaged by operation at atmospheric pressure. 
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MELEOD GAUGE. 


THERMOCOUPLE GAUGE. 


ALPHATRON GAUGE. 
IONIZATION GAUGE 
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All of the above instruments are suitable for operating on a 230/250 volt 50/60 cycle supply 


BRITISH AMERICAN RESEARCH fT? 


DESIGNERS AND MANUFACTURERS OF HIGH VACUUM GAUGES : VALVES - SEALS 
DIFFUSION PUMPS: STILLS : FURNACES - COATING EQUIPMENT AND DEHYDRATION PLANT 
S. W. 


BLOCK E2 - HILLINGTON NORTH - GLASGOW 
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DECADES WITH A DIFFERENCE 


DECADE CAPACITANCE UNITS TYPE 








B - 23 











Discernine ENGINEERS will not be 
slow to appreciate the advantages offered by 
these improved decade capacitance units :— 


CONTAINER © The redesigned container of cubic 
form provides considerably greater 
space for the condensers without 
increasing the effective panel space. 


CONDENSERS¢ The increased space permits the use 
of high-stability mica condensers 
up to the maximum of one micro- 
farad. 

SWITCH ¢ The improved switch is easily 
accessible for cleaning and is de- 
signed to reduce surface leakage to 
a minimum. 





SEALING ¢ Condenser units are completely 
sealed within the container by an 
approved sealing compound. 


SPECIFICATIONS 


CONDENSERS ¢ Clamped mica type for long- 
period stability. 
ACCURACY © 0-001 uF steps: * 5%. 
0-01 and 0-1 uF steps: * 1%. 
Closer adjustment can be pro- 
vided at an extra charge. 


POWER FACTOR¢e 0-0005 at 1 ke/s. 


TEMPERATURE : 
COEFFICIENT ¢ —20 to + 10 parts in 10° per °C. 


WORKING 
VOLTAGE © Up to 250 v. peak. 














STANDARD MODELS 


B-23-A | B-23-B | 


B-23-C 





OO uF in steps of 0-001 uF O-l uF in steps of OO! uF 1:0 uF in steps of Ol uF 


For details of our full range of Laboratory Condensers, send for Publication C-103-A. 








Muirhead & Co. Ltd., Elmers End, Beckenham, Kent. Telephone: Beckenham 0041-2. 
FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 
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The type JCF/200 unit illustrated above is representative of the wide range of vacuum 
type unit available for low and medium frequencies. 


SALFORD ELECTRICAL 


PEEL WORKS. SALFORD 3, LANCS 
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Telephone BlAckfriars 6688 (6 lines) 


an 


FOR FREQUENCY SUB-STANDARDS 


Type JCF/200, 100 KC/S 


Available from stock adjusted to + 0:01°%. Higher 
accuracies supplied to special order. 





FEATURES 


Low temperature co-efficient — less than 2 in 10° 
per °C. 


Patented nodal suspension. 


Mounted in vacuum; performance independent of 
climatic conditions. 


Exceptionally high Q value. 
High stability. 
Small size, 3" §" overall excluding pins. 


Fits standard miniature deaf aid valve socket. 
Price £2-15-0 


INSTRUMENTS LTD. 


Telegrams and Cables SPARKLESS Manchester 





Proprietors: THE 







NEW DESIGNS § 


in the range of 
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UNITED INSULATOR CO. LTD. 


Telephone : Elmbridge 5241 (6 lines) 


GENERAL ELECTRIC Co, 


.i.G. SILVERED MICA TWIN GAPACITORS 


OAKCROFT 


Ltd., of England 


6) 
<————— 
Type SMS.. 102 
suitable for miniature 
LF. transformers 
square. 













x 
e SMS. 202 
Ti lite for standard 
LF. transformers 
square. “A 


This new type 
Capacitor has ’ 
been specially deviene 
as an end plate or " Ard 
ne LF. transfermers. It fc nef ssi 
art of the transformer structure an é “08 a 
cies coils during mounting, — si A ec 
i t of installing two sepé 
rials and the cos ne 
capebeet. It also reduces a eT oer - 
edd current losses induced in the si “rd ats 
prec withnormal constructions. 9 : yao 
a suit individual requirements can 





RD. TOLWORTH 


Telegrams ; Calanel, Surbiton 


SURBITON SURREY 
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a C.P.20A 


15 WATT AMPLIFIER 


for 12 volt battery and A.C. Mains operation. This improved version has switch 

change-over from A.C. to D.C. and ‘* stand by "’ positions and only consumes 5} 

amperes from 12 volt battery. Fitted mu-metal shielded microphone transformer 

for 15 ohm microphone, and provision for crystal or moving iron pick-up with tone 

control for bass and top and outputs for 7.5 and 15 ohms. Complete in steel case 
with valves. 


As illustrated. Price £28.0.0 
A.D. 47 10-valve Tricde Cathode Follower AMPLIFIER 


For this recording and play-back amplifier we claim an overall distortion of only 

0.01% as measured on a distortion factor meter at middle frequencies for a 10 watt 

output. The output transformer can be switched from 15 ohms to 2,000 ohms 

for recording purposes, the measured damping factor being 40 times in each case. 
Full details on request. 


““SUPER FIFTY WATT’ AMPLIFIER complete in case. 










EXPORT 


Price 363 Gns. ENQUIRIES 
RECORD REPRODUCER AMPLIFIER complete in case. iN 
Price 254 Gns. VITED 


‘THIRTY WATT ”’ AMPLIFIER complete in case. Price 304 Gns. 


VORTEXION LTD. *yisnZiegneu’” 


Telephones : LiBerty 2814 and 6242/3 Telegrams : VORTEXION, WIMBLE, LONDON 

















—THE PRESTOPUNCH 


The PRESTOPUNCH is a high-class precision tool for QUICKLY, 
ACCURATELY and SCIENTIFICALLY punching (NOT CUTTING) holes in 
radio chassis, aluminium or soft steel plate of a thickness up to and not 
exceeding 16 S.W.G., using a 3 in. pilot hole. 

The ease with which a hole can be punched is due to a ball bearing 
being introduced between the punch itself and the capstan punch nut. 
Most of the friction in the effort of punching the hole is thus eliminated. 

The standard PRESTOPUNCH set provides for punching | in. dia. 
holes to take the usual Octal Radio Valve Holders. Additional dies and 
punches can be had to punch § in., } in., 3 in., | in. holes at an additional 
cost. The washer-type punches must only be used in conjunction with the 
Zin. punch, as shown in illustration, at 4/6 each. 

Hexagons are provided on the punch nut and bolster should the operator 
wish to use the punch in a vice or with a spanner. 

One distinctive feature of the PRESTOPUNCH is the fact that, \ 
after punching, the blank and the punch itself are. left behind loosely on the 











ath 


% 























bolster so that there is no difficulty of the punch jamming in the sheet or in 

getting rid of the blank. PRICE 
Another, is the provision of an elongated Capstan Nut which enables 

the toel to punch holes from the inside of the radio chassis. In such circum- 3 2 / 6 

stances, the holes can be cut quite close to the edge of the panel. 


These are available to the Trade less the usual discount 


TELE-RADIO (1943) LTD. 


' 177 & 211, EDGWARE ROAD, LONDON, W.2 


*Phone: PAD 6116 and 5606. AMB 5393 
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[ Designed for use in 
midget radio receivers: 
and other ‘apparatus 
where space is limited, the 
AB—Type M-I is _ ideally 

suitable for such tasks as 
wave-band and meter switching, etc. 
Small though it is, features such as 
heavily silver-plated brass stator contacts 
and rotor contacts of a special alloy, also 
heavily silver-plated, combine to give 
very low contact resistance, noiseless 
operation and long life. 


Aunn a3inb 







Available in all popular switching 
combinations. 


TYPE M-I 
MINIATURE 
ROTARY SWITCH 


Metal Products Ltd,Great South- 


West Road. Feltham, Middlesex 


ateltlikiteh; MueY sole) Feltham 2865 


“OAK” WAFER SWITCHES, SINGLE OR MULTI-BANK e 
TOGGLE SWITCHES FOR ALL PURPOSES e PUSH-PULL 
SWITCHES e ROTARY SWITCHES 
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BELLING-LEE 
‘QUIZ’ (No. 14) 


Answers to some of the questions we are 
continually asked by letter and telephone 


Question 37. What is the recognised method of making a 
comparison between different types of anti-interference aerials ? 


Answer 37. The mode of procedure is laid down in B.S.S.905. 
The original ‘‘ Eliminoise ’’ curves were prepared by the 
National Physical Laboratory and have been published frequently 
and are shown in our literature. We are satisfied that the 
** Eliminoise ’’ has not yet been beaten on any generally useful 
frequency. 


Question 38. What is the purpose of the metallised paper 
wrapping under the wire screen of the ‘‘ Belling-Lee ’’ twin feeder 
(Cat. No. L1221)*!, and is it necessary to earth this to the screen at 
either or both ends ? 


Answer 38. (1) Its purpose is to maintain the characteristic 
impedance and attenuation loss constant over the life of the 
cable. Without this metallic paper the braided tinned copper 
shielding ultimately oxidises, causing an increased resistance at 
the points of intersection of the braid wires which has the effect 
of increasing both the characteristic impedance and the 
attenuation loss. 

(2) There is no need to bond the metallised paper to the shield, 
as its capacity thereto may be regarded as the electrical connec- 
tion at high radio frequencies. This metallised paper feature is 
covered by (U.K. Patent No. 559518) of Messrs. Telegraph 
Construction and Maintenance Co. 

“* Belling-Lee ’’ L1221 screened twin 70 ohms feeder is recom- 
mended for use with ‘‘Eliminoise’’*? and ‘‘Skyrod’’ ** anti- 
interference aerials. 

In our opinion (although this is done) it is unnecessarily 
extravagant when used as a balanced feeder for a television 
dipole, as our cheaper L336** unscreened feeder gives results 
so nearly comparable that a television user could not see (or 
hear) the difference. 


Question 39. How can a balanced feeder remain balanced when 
run in a house ? Is it not affected by the presence of other con- 
ductors such as water pipes, gutters, conduits, etc. ? 


Answer 39. Theoretically there will be small changes in the 
characteristic impedance at various points along the line. These 
changes will be related to its proximity to various earthed 
objects, but at television frequencies the changes are so 
insignificant that they are immeasurable by any ordinary means. 
In the case of a feeder with a characteristic impedance of the 
order of 400 ohms and typified by a spacing of a few inches 
between conductors, the presence of other incidental conductors 
closer to the feeder than this, would result in appreciable 
attenuation. 

In L336 the spacing between conductor centres is nominally 
0.057 in. Therefore it is unlikely that outside conductors 
would have an practicable influence on the line characteristic. 


“| L1221 Screened Twin Feeder... per yard 1 9 
*2 ** ELIMINOISE ’’ (Regd. Trade Mark) Complete 
Anti-Interference Horizontal Aerial Kit L308/K "£6 6 0 
*8 ““SKYROD ”’ (Regd. Trade Mark) Complete 
Anti-Interference 18 ft. Vertical Aerial Kit 
L638/K_.... ne ob sue .. £10 10 0 
*4 L336 Balanced Twin Feeder per yard 74d. 


TO BE CONTINUED 


BELLING ¢& LEE LTD 


CAMBRIDGE ARTERIAL ROAD, ENFIELD, MIDDX 





> 





ee vat 





48 


are 
hone 


king a 
als ? 


S.905. 
y the 
uently 
at the 
useful 


aper 
eeder 
een at 


eristic 
of the 
opper 
nce at 
effect 
i the 


shield, 
nnec- 
ure is 
graph 


ecom- 
} anti- 


ssarily 
vision 
esults 
e (or 


| when 
r con- 


in the 
These 
irthed 
re so 
neans. 
of the 
inches 
ictors 
ciable 


inally 
ictors 
ristic. 
2 


6 0 


0 0 
74d. 





_ 








A new chapter ina 
great adventure 


From the first great adventure of wireless 
communication half a century ago, the 
story of Marconi has been one of succes- 
sive achievement. Wireless telegraphy, 
wireless telephony, broadcasting, tele- 
vision, radar, wireless navigational aids 
at sea, on land and in the air—Marconi’s 
have played a pioneer part in their 
development. With a vast accumulation 
of knowledge and experience behind 
them, Marconi’s are now engaged on 
new developments which will more 


than maintain their shining reputation. 


« 


Marcom 


the greatest name in wireless 


MARCONI’S WIRELESS TELEGRAPH COMPANY LTD, 
MARCONI HOUSE, CHELMSFORD, ESSEX 
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De La Rue Insulation Ltd. 
Imperial House, Regent Street, London, W.1, England 
‘TELEPHONE: REGENT 2901 CABLES: DELINSUL, LONDON 
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THE :* FLUXITE 
QUINS’’ AT WORK 


“ Just horrible howls in the 
night 


There’s spooks in that 

nor all right 

Cried EH “Ch dear no 
That's a dud radio 

Watch FLUXITE soon put 


"em to flight !° 
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For all SOLDERING work—you need FLU XITE—the paste 
flux—with which even dirty metals are soldered and “ tinned.’ 
For the jointing of lead—without solder ; and the ‘‘ running" 
of white metal bearings—without “ tinning ’’ the bearing. 


It is ong for “se METALS—excepting ALUMINIUM— 
and can be used with safety on ELECTRICAL and other 
sensitive apparatus. 

Wi “ 

tie, Sate 5 joints can be Ena success- 
Used for over 40 <a in Government 
Works, and A leading Engineers and Manu- 
facturers, OF ALL IRONMONGERS— 
IN TINS—I0d., 1/6 and 3/-. 


The “Fluz- ALL MECHANICS 


ite Gun 


=i FLUXITE 

















"alae IT SIMPLIFIES ALL SOLDERING 


rite for Leaflets on CASE HARDENING STEEL and TEMPERING 
TOOLS with FLUXITE also on “ WIPED JOINTS.” Price Id. each. 


FLUXITE LTD. (Dept. T.V.) Bermondsey St., London, $.£.1 





TELEVISION CONSTRUCTORS! 


We can supply 


Focus and Scanning Coils for 
‘* Electronic Engineering *’ Televisor 
‘““Wireless World ’’ Televisor, etc. 


Line output Transformers 
Frame Transformers 
E.H.T. Transformers 

Dust Iron Core Coil-formers 
CONTACT YOUR LOCAL DEALER 


Manufacturers ! Wholesalers ! 
Special Discounts 
We manufacture to your requirements 
Please send for details 


ELEGTROVISION COMPONENTS CO., 


65/67, Malham Road, Forest Hill, 
S.E.23 
Tel. No.: FOR. 2348 




















BRAND NEW COMPONENTS 


CONDENSERS 
Erie Ceramicons. 100 pF. Small tube. Colour coded. 
Erie negative temperature co-efficient. Type N750L. l00pF. 
Micamold. .00IuF Mica. 
Sprague. .02 uF. 750 volt. Metal-cased tubular. 
Micamold. .1 uF. 350 volt. Metal-cased tubular. 
All at 4d. each. 3/6 per dozen. 
Aerovox IuF. 600 volt. Metal case, with clip. 1/2each. 12/- doz. 
Wingrove & Rogers miniature two gang. 315 pF. max. 10/- each. 
Ideal for midget receivers. 
Split stator. 30 pF. each side. Ceramic insulation. Silver-plated. 
1/- each. 3/9 per box of four. 


METERS 
500 microamp. FSD. Two types available. Calibrated 0-500 
microamps or 0-15 volts and 0-600 volts. 2} in. diameter. 
Flush mounting. .Boxed. Well-known makers. 5/6 each. 
350 pg Thermo couple. 2} in. diameter. Flush mounting. 
l= each. 


VALVES 

DET20 (VRI35). VHF Triode. 4/- each. 

6K8GT Tung Sol. Boxed. 9/6 each. 
Many other types available. 


MISCELLANEOUS 

Mains transformers. 250-0-250 volts 60 mA 6.3 volts 3 amp. 
Normal primary with screen and voltage adjustment panel 
13/6 each. 

IF Transformers. Miniature permeability tuned type. 465 Kc/s. 
Finest quality. 14/6 per pair. 

Midget potentiometers. Morgan Type LH. .5 meg. 2/- each. 

Yaxley switches. 6-pole, 4-way. 3 wafers. 5/- each. 

Small smoothing chokes. 10 H. 60 mA. 5/- each. 

EFSO Ceramic valve holders. Finest make. 9d. each. 8/6 doz. 


This is a representative selection from our stock. 
plete list available. Trade supplied. A monthly 
Trade list is issued. 


M. WATTS 


38, Chapel Avenue, Addlestone, Surrey 
Phone : Weybridge 2542 
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Here's how we can help you! We design and plan 
to one standard only—perfection in performance. 





Considering the fact that our organisation is under the 
control of men who know the latest trends in circuit 
design and are capable of interpreting your particular 
needs, the ultimate result can only be chat standard. 


We are manufacturers of coils of all types—to your 
‘specification, designed to meet your particular require- 
ments, in bulk, or to a limited number. 


Your enquiries are cordially invited' Telephone 
Mr. F. W. Pigott—he ts the principal and available to 
discuss and deal with your problems from start to finish 


RADIO @ TELEVISION @ ELECTRONICS @ INDUSTRIAL APPLICATIONS 


BROUGHTON PRODUCTS a D) 


REGISTERED OFFICE & WORKS 


WOODCOTE RD WALLINGTON - SURREY 
TELEPHONES » WALLINGTON 7739/1889 
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Type No. 14 Type No. 16 


SYDNEY S. BIRD & ore Lie 


eld 2071-2 7G 
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35mm. Camera (cover 
removed). Used with 
standard oscillograph, 
in the investigation of 
vibration, stresses, dim- 
ensional variations and 
electrical phenomena. 














Design, Development and Manufacture of 
Optical Mechanical Electrical Instruments 











AVIMO LTD. TAUNTON, ENGLAND. Tel. 3634. Grams.‘Avimo’ 
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CONSISTENTLY 
PULLIN 


INDUSTRIAL 
SWITCHBOARD 
INSTRUMENTS 









PULLIN Type S 
Industrial Switch- 
board Instruments 
are completely 
new in design. 
The 4” and 6’ 
Round Projecting 
Type case is of 
pressed steel, has 
a full open dial, and 
can be converted 
easily to flush type 
by using a separate 
fitment. The 0” 
dial rectangular 
pattern has a clean 
open scale. All 
types are available in Moving Iron, 
Moving Coil or Dynamometer Pattern. 


—=p— We can give early deliveries—write for details 


Address all enquiries to 


MEASURING INSTRUMENTS (PULLIN) LTD 
Dept. E, Electrin Works, Winchester Street, London, W.3 
Telephone : ACOrn 4651/4 


losts tess te maintain / 


Because — 













Made principally of steel 


Steel - preserving 
electrolyte 


Fully enclosed 
active materials 


Practically free from 
self-discharge 


(N.B, Nife Batteries are not yet avail- 


able for private cars or domestic radio) 


STEEL BATTERIES 


NIFE BATTERIES - REDDITCH * WORCESTERSHIRE 
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This three-dimensional model illustrates 
the expansion properties, over a wide range 
of temperatures, of iron containing varying 
amounts of nickel. 

The unique properties of these nickel iron 
alloys make them of importance to designers 
of temperature - indicating and control 


devices. For further information write to — 


QM! 





Model by courtesy of J. Starkie Gardner Ltd. (after Chevenard) 


MOND NICKEL COMPANY LIMITED 


GROSVENOR HOUSE - PARK LANE - LONDON W.! 
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Clee 
STYLUS UNIT 


ffrr pick-up 
“DECOLA” 


de luxe 
ELECTRIC RECORD 


REPRODUCER 






RER BONDERS LIMITED ty 

T WORKS: RUNSTABLE » BEDS | 

VGIVEERS IN RUBBER BONDED TO METAL ed 
TELEPHONE tre 06 BOS: #5 











FOR THE LATEST AND BEST IN ELECTRONICS TEST EQUIPMENT ——— 
ALEC DAVIS surrurs: LTD. 


18, TOTTENHAM COURT ROAD, 
| min. T.C.R. Station LONDON, Ww. 3 ® Tel.: MUSeum 4539, 2453 


It is not unnatural that the radio experimenter—like any other craftsman—should wish to choose his “ tools’ with the same care and 
consideration. _ We therefore recommend a visit to our demonstration room, where a full range of test equipment is always on 
display. For reasons of space, we are unable to give more than brief details of a few selected items below. 


AVOMETER—Model 7. B.S. Ist Grade instrument providing 50 ranges TAYLOR SIGNAL GENERATOR. This is a six wave-band Radio Fre- 
of reading on a 5-in. hand-calibrated scale. Automatic cut-out against quency Signal Generator covering a frequency range of from 100 Kc/s. to 
ae ret oat AS on De .C.: 0 to 10 sy MAL mag Fr] sini and Fy wed a tuning a outs roeies | in — — 

0 to olts. esistance : up to 4 egohms legacycies, ve-position switch gives a ce ive wave-! Ss, 
Comat 0 to 20 mfds. "Audio-frequency power output : 0 to 20 watts. the sixth band is the second harmonic of band 5. The pera ee 9 
Decibels : —25 db. to + 16 db. Size: 8 in. by 7} in. by 4% in. Price one coarse and one fine, given an output variable up to 100 millivolts 
£19 10s, Od. gon. 7 internal bg eel one eas 8. sation: » a 
: lepth of approx. 30 per cent. pe is also made for exte: - 
ee eee Be oc ag ot 2 a i tion, and a jack i eI — yn e, pe: 8. mae re a ener 
test purposes, i scales, ving a to 40-100 oO In. 
— separ in ere hag. oy the extreme ends of bo a instrument operates on A .C, mains 200-250 volts, 40-100 c.p.s., is hewad 


0005-.5 mfd.; .05-50 mfds. Resistance : 525,000 hina: “500-500,000 in a steel case and measures 12} in. by 84 in. by 6 in. deep. 
SNe’? 50,000 chia 10°30 Megchne, “Size? 78 in bo 7 in, by 44 im Price £15 10s. Od. 
Nett weight : 4 lb. 2 oz. Price £11 Os. Od. 














AVO VALVE TESTER. Indicates mutual conductance direct in mA/V. TAYLOR CIRCUIT ANALYSER. The Taylor Circuit Analyser i | designed 
Tests at makers’ specified electrode voltages. One panel for all types x for testing receivers by tracing the signal through the receiver and chec eckine 
English and American valves. Any valve base arrangement se easily its condition from stage to sage. It incorporates an audio-frequency 
operated multi-roller or ay sto Selector Switch. Tests Cithore/Heaer and a | is lied with a test probe consisting 
pe of an tera Cole valve when the valve is hot ; (emission of a midget detector valve i in a small screened box. A Magic-eye indicator 
and electrode - horts. loured scale indicates state of valve as ‘’ Good,” is fitted to enable a number of pom useful tests to be made, and the 

Indifferent" or ‘ Replace.” No calculations of any kind are involved. is also le for purposes. It is operated from A.C. 
Works entirely y A.C, mains. Price £16 10s. Od. mains of 110 Vv to 200-250 V, 40-100 ¢ c.p.s. Price £15 15s. Od, 


All prices are subject to alteration by the manufacturer from time to time. 


In addition we can offer a wide range of foundation instruments for the construction of multi-range meters, etc. Give us details of your 
requirements and we shall be pleased to quote accordingly 


STOCKISTS OF BVA VALVES, BATTERIES, COMPONENTS. 
Full Mail-Order Facilities. Shop Hours: Mon./Fri., 9 a.m.-5.30 p.m. Sat., 9 a.m.-1 p.m. - 











AMBITIOUS 
ENGINEERS 


Have You had Your Copy of 
“Engineering Opportunities ” ? 


Whatever your age or 
experience—you must read 
this highly informative guide 
to the best paid Engineering 
posts. 


The Handbook contains 
particulars of A.M.I.C.E., 
A.M.1.Mech.E., A.M.1.E.E., 
A.M.1.M.L, A.M.Brit.I.R.E. 
and other important En- 
gineering Examinations, and 
outlines home-study courses 

in all branches of Civil, 
Mechanical, Electrical, 
Automobile, Radio and 
Aeronautical Engineering, 
Government Employment 
Draughtsmanship, Building 
and Plastics Matriculation, etc. 
WE GUARANTEE, 
‘¢«NO PASS—NO FEE” 


If you are earning less than £10 a 
week you cannot afford to miss 
reading ‘‘ Engineering Opportuni- 

ties.”’ Ic tells you everything you want to know 
to secure your future. Write for your copy 
of this enlightening guide to well-paid posts 
NOW—FREE and without obligation. 


BRITISH INSTITUTE OF 
ENGINEERING TECHNOLOGY 


337E, SHAKESPEARE HOUSE, I7, 18, 19, 
STRATFORD PLACE, LONDON, W.! 














WORTH YOUR 


ATTENTION! 


Large selection of Wireless Sets, Receivers 

and Transmitters. Connections, trans- 

formers. Voltage regulators, fuses, fuse 

boxes, suppressors, cable, | to 14-core. 
Bell wire, single and twin. 


Write or phone TO-DAY for full details to: 


wees 


General Merchants, Importers & Exporters 
43-50 Giles St., Leith, Edinburgh, 6. 
Leith 36132 
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SHEET METAL CASES 


accurately made and finely finished 
We cannot supply 100,000, but if you want 


1, or 
100, or 
1000, or more, 


please contact— 


CLEVELAND ART METAL WORKS 


Architectural Metal Workers and Engineers 
22 & 23a, Mortimer Market, Tottenham 
Court Road, LONDON, W.C.! 

Tel.: EUSton 4169 
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HILL & CHURCHILL, 


Booksellers LTD 
SWANAGE, DORSET 


ENGLISH & AMERICAN 
BOOKS IN STOCK ON 
RADIO AND 
TELECOMMUNICATION 


se 


Catalogue on Application 








WE OFFER 
A large range of used and new Test 
Equipment, Converters, Recorders, 
Amplifiers, Motors, Transformers, etc. 


All guaranteed and at very attractive 
prices. 


We buy good modern used equip- 
ment of all types for spot cash. 
UNIVERSITY RADIO LTD. 
22 LISLE STREET, LONDON, W.C.2. 
Tel. : GER 4447 and GER 8582. 








COMPONENTS 
FOR THE TELEVISOR 


All Resistors i and } 
is nd 12 ,, 
PARTRIDGE EET! _... 
ne EEC2 
*” EEC3 
ALL TCC Capacitors as specified. 
ALL Wire wound and Carbon. 
Potentiometers as specified. 
HAYNES ceils and transformers. 
Valves, coil formers, etc. 


watt 


Our Price List is available on request. 


ROGERS DEVELOPMENTS Co. 


106, Heath Street, Hampstead, N.W.3 
Telephone : HAMpstead 690! 














PROCESS 
TIMERS 


Synchronously driven 
and condenser charge/ 
discharge Timers. Auto- 
matically self-resetting 
and hand-resetting types 
for controlling all kinds 
of industrial processes, 
plastic presses, chemical 


Self-resetting Timer actions, welding, etc. 
Type ASR Ask for Leaflets PT/EO 


—=-LONDEX LTD.-= 


Relays 


Automatically 








Manufacturers of 


207 Anerley Rd., London, 8.E.20. 8YDenham6258 
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i FM SIGNAL GENERATOR 
TYPE 2O2-B SEMAL abe 
BOONTON ON RADIO CORP. 


4K . . 
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DR Set gy oe 


0 for technical information on other 
of BOONTON, CLOUGH-BRENGLE, 
iS. MERVYN and MIDGLEY-HARMER. 


CPO IN ESTA ES mB IED OR OER TONY | 


‘ in the rany 
BALLANTINE, FER 





TELEPHONE: CHANCERY 8765/8766 


LURKS INTO KOTN 
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e WAYNE KERR COMPONENT 
BRIDGE BIO}. An A.C. operated ewe for 
the direct measurement of L.C. and R. with a 
general accuracy of + 2°, falling away slightly at 
scale extremes. Capacity, 0/500 microfarads in 
8 ranges. Resistances, 0/500 megohms in 8 
ranges. Inductarice, 0/5000 henries in four ranges 
(min. 100 m/henries). Comparator: for com- 
parison of components—scale directly calibrated 
in percentages up to +10%. Leakages, 0/1.5 
microamps in 10 microamp steps. General : 
direct indication of power factor and Q is avail- 
able on most ranges, and a selection of polarising 
voltages is available for application to electrolyti ics 
‘prior to measurement. Size, 14” x 10}” x# - . 

(') 


@ AVO TEST BRIDGE. Direct reading of 
resistance arid capacity on separate logarithmic 
scales, using a valve voltmeter as indicating 
device. Three ranges: Resistance, 5 ohms-50 
megohms ; capacity, 5 p.f.5o0 microfarads 
(accuracy +5% except at scale extreme). Valve 
Voltmeter, 0.1- 14 volts r.m.s. up to medium 
broadcast frequencies. Approximate indications 
of ° power factor and leakage are available 
Measurements of L.C. and R. can hee 7 made, 
using external standards ‘ ait 0 


e HUNTS CAPACITY ANALYSER 
AND RESISTANCE BRIDGE (A.C. 
operated). Direct reading of resistance and 
capacity on separate scales, related so that the 
impedance of the test condenser at 50 c.p.s. can 
be read direct from the resistance scale. Three 
ranges, capacity, 10 p.f._50 microfarad. _Two 
ranges resistance, 50 ohms-5 megohms. Direct 
indication of °,, power factor up to 50%, together 
with facilities for —— leakage resistance of 
condenser .. 2 -. £1818 0 


® TAYLOR TEST BRIDGE. Direct read- 
ing of resistance and capacity on a linear scale, 
using a miagic-eye indicator. Seven ranges, 
resistance 1 Oohm-12 megohms. Accuracy +2", 
except on highest range. Seven ranges, capacity 
10 p.f.-120 microfarad. Accuracy +3% except 
on lowest range. Approximate indications of 
power factor and leakage are also ——. = 


TAYLOR ALL-WAVE SIGNAL 
GENERATOR, MODEL 65B. Self- 
contained modulated oscillator with direct 
frequency calibration from 100 kc/s. to 46 Mc/s. 
in six bands—the highest being a harmonic 
calibration of the previous band. Accuracy +2°. 
Output continuously variable to 100 mV and up 
to 1 volt, 400 c.p.s. modulation signal .available 
for separate use. a with — lead and 
instruction book - £15 10 0 


@ INDUSTRIAL ELECTRONICS 
OSCILLOSCOPE, MODEL 1200. Employs 
2?” tube in a completely self-contained unit. 
Push-pull D.C. connected amplifiers on both axis. 
Sensitivity 100 mV per cm. Frequency response 
sensibly level from zero to 50 kc/s., and useful up 
to 500 kc/s. Time-base 5 cycles to 20 kc/s., in 
4steps. The X amplifier PP sn expansion of the 
time-base up to approximately 8 diameters. 

Instantaneous shift 2 a positive sync. operation. 

Size 9}” x 8” x7” - “ ein 00 


. INDUSTRIAL ELECTRONICS 
VISUAL ALIGNMENT GENERATOR, 
1400. Indispensable for serious service work, 
this “‘ Wobbulator ” will ensure perfect alignment 
of superhets when used in conjunction with its 


14, SOHO STREET, OXFORD STREET, LONDON, W.!. 


Test 


Apparatus 


FROM STOCK AT 


WEEBS 


companion instrument the 1200 Oscilloscope. 
Both instruments combine first-class workman- 
ship with compact design os £8 10 0 


e AVO VALVE TESTER. In two units, 
comprising meter and control panel, and valve 
test panel. Direct reading of mutual conductance, 
cathode heater insulation of hot valves and 
emission of diode rectifiers, etc. Facilities for 
checking inter-electrode ‘‘ shorts” and filament 
continuity. Complete with instruction ow 
and comprehensive valve data .. £16 0 


TAYLOR MODEL 47A/S_ VALVE 
TESTER. Gives direct measurements of mutual 
conductances and heater/cathode insulation with 
facilities for checking inter-electrode “ shorts.” 
Complete with instructions and valve data. 
Incorporates a multi-range Meter for external 
measurements :— 

D.C. Volts D.C.mA A.C. 
Volts 

0-120 o-0.6 mA o-3 

(0.6 mA range) 0-6 O-I5 
o-3 0-30 0-150 

0-300 

0-600 


Ohms. 


0-1,000 
O-100,000 


o-I5 0.150 
0-150 o-1.5 amps. 
0-300 
0-600 
£27 0 0 
Also available in portable form in a strong 
wooden carrying case—electrically as “Model | 
47A/S. 
MODEL 47A/P_ .. oe oe. 38D 


e UNIVERSAL AVOMINOR. 

0/75 millivolts to 0/500 volts D.C. in 6 ranges. 
0/2.5 to 0/500 milliamps D.C. in 5 ranges. 

0/5 to 0/500 volts A.C. in 5 ranges. 

0/20,000 ohms resistance range #8 10 0 
es ‘ 

D.c. AV OMINOR. 

Four ranges 0/3 to 0/120 mA. 

Six ranges 0/6 volts to 0/600 = and 10,000 
ohms resistance range oe £4 4 0 


Phone : GERRARD 2089, 


Note our shop hours : 


July, 1948 


@ UNIVERSAL AVOMETERS, MODEL 
7 AND MODEL 40. rivera best known 
meters in the world, unive accepted as 
standards of comparison. 40 covers 40 
ranges and Model 7 gives 7a vate, including 
decibel scale. 

Model 7 xe Fe on oo, GIR30 8 
Model 40 £17 10 O 


@ «Avo ” ELECTRONIC TESTMETER 
A new general-purpose testmeter, basically a 
highly stable D.C. valve millivoltmeter. Will 
measure up to 10,000 volts D.C, and 2,500 A.C., 
with negligible current drain. R.F. voltage 
measurements up to frequencies in excess of 
200 Mc/s. Built with the usual ‘“ AVO” 
engineering accuracy and attention to detail. 
0/230 mV to 10,000 volts D.C. in 16 ‘ranges. 
0/1 volts to 0/2,500 volts A.C. in 12 ranges. 
0/25 microam| s to 1 amp D.C. current in 10 
ranges, 0/5 mW to 5 watts in 12 ranges in each of. 
six internal load resistances between 5 and 
5,000 ohms. Insulation test, 0.1 megohm to 
1,000 megohms. Resistance : 0.2 ohms to 1,000 
ohms, with mid-scale reading of 16 ohms; 
20 ohms to 100,000 ohms with mid-scale reading 
of 1,600 ohms; 2,000 ohms to 10 megohms with 
mid-scale reading of 160,000 ohms. A.C. mains 
operated 230 volts, 50 cycles £35 0 0 


@ PULLIN MODEL “ 100.” 0/200 milli- 
volts to 0/1000 volts D.C. in 7 ranges. 0/10 to 
0/1000 volts A.C. in 6 ranges. 0/100 microamps to 
0/500 milliamps D.C. in 6 ranges. Also reads 
100 microamps A.C. and o/1 megohm resistance. 
(Voltage readings 10,000 ohms per “_— a 


@ TAYLOR MODEL 85A. A meter with 
90 ranges, 20,000 ohms per volt on all D.C. and 
A.C. ranges. 0/9.05 to 0/5000 volts D.C. in 11 
ranges. 0/1 to 0/5000 volts A.C. in 9 ranges. 
0/1 to 0/1000 output volts in 8 ranges. Decibels 
in 9 ranges. 0/50 microamps to 0/10 amps A.C. 
and D.C. in 12 and 11 ranges. 0/2000 to 0/20 
megohms in 5 resistance ranges. Buzzer for 
quick continuity test = —— protective 
hinged cover * , Sey. 3 


@ TAYLOR ADAPTER MODEL 313C. 
For use with Taylor 85A, gives four capacity 
readings covering 0.0002 to 100 microfarads and 
two inductance ranges wpa. 0.2 to 1,000 
henries. A.C, operated .. ° 445 0 


@ “TAYLOR MODEL 90A. A compre- 
hensive meter at a reasonable price, 1,000 o! 
per volt (except on 5 low volt ranges). o/o.1 volt 
to 0/1000 volts D.C. in 7 ranges. 0/1 to 1000 volts 
A.C. in 6 ranges. o/1 milliamps to 0/1 amp A.C. 
and D.C. in 4 ranges. Two resistance ran - 
0/10,000 and “o/1 megohms. Six D.B. sc. 
Five output volt scales .. iv I SS a) 


@ TAYLOR MODEL 70A. 0/0.1 volt to 
0/1000 volts D.C. in 6 ranges. 0/1 volt to 0/1000 
volts A.C. in 6 ranges. o/1 milliamp to 0/5 amps 
D.C. and A.C. Comprehensive resistance test. 
Buzzer for quick mene ted —_ 1,000 ohms 
per volt “s ‘ <6 aii 1b 0 


@ TAYLOR MODEL 75A. Similar appear- 
ance and specification to — 70A, but 20,000 
ohms per volt as -. £1414 0 


@ TAYLOR MODEL 120A (** JUNIOR ”’) 
A really compact pocket instrument, size 43” x 
1%” x 34”, 1000 ohms per volt. Four ranges both 
D.C. and A.C. volts, 0/50 volts to 0/1000 volts, 
also 0/5000 volts D. C. current 0/1 to 
0/500 milliamps. Two resistance hie ~ 0/2000 
and 0/200,000 ohms os ° 48 8 0 


9 a.m.-5.30 p.m. Sats. 9 a.m-Ip.m. 
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